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INmOBUCTIOM 
Several inorganic elements foand in bone tissue ar® switabolie 
essentials for diverse biocheaical jprocesses in animal organises. 
For ©xaHft)!®, sodium and potassiua are Intimately iiwolved in the main­
tenance of osnaotic pressure in body fluids, calcium is necessary 
for normal blood copulation and for activation of certain enzymes, 
magnesium and potassiua are i^ ortant in activating ma^ y of the enzymes' 
reactions in carbohydrate naetabolisa, while phosphorus is intimtely 
associated in ttie soetabolisffl of fat®, carbohydrates and protein. These 
elements are also essential for the developaent of osseous tissue. 
More recent evidence ea^ jhasizes that skeletal tissue expresses, 
simultaneously, extremely labile and stable qualities. It is knwn that 
exchange of calcium and phosphorus ions between bone mineral and body 
fluids is instantaneous. To a lesser degree it is thought that sodium 
and magnesium may be mobilized from the bone to satisfy the needs of soft 
tissues of the body. However, reports concerning the metabolic be­
havior of osseous tissue are not in harmony, and 'Uiere is a dearth of 
information concerning dietary effect upon the coi^ osition of this 
tissue. 
Livestock obtain their minerals from feed or forage which they may 
consume and from specific mineral supplements* Mtimerous investigations 
have been conducted during the past century demonstrating that skeletal 
development in animals is affected by th® dietaary intake of various 
minerals. These reports have clearly iwilcated that l^ e problem of 
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mineral lastabolisa in livestock is coi^ lex. The mode of deposition of 
Bdneral elements in osseous tissme is not well understood and clarifioa-
tioa is needed regarding tiie natar© of -Uiis tissue. However, it is 
known that vitaain D is involved, in calcium and phosphorus utilization, 
and that the ratios of these eleawnts in the diet are iiqjortant. 
Apparently bone foraation ©an also be influenced by other dietary 
factors. For exaHple, there is considerable controversy concerning the 
availability of phosphate from different dietary sources to animals. 
There also remains the need for re-evaluating the older recomraendations 
relative to the phosphate aM calcium requireiaents of animals in view of 
the more recent discoveries of heretofore unknown dietary essentials, 
such as vitMdn M12, which hair® proaoted increased growth rates in 
animals. More recently there have been questions raised comerning the 
influeiKse of antibiotics upon the skeletal development of animls. 
In lieu of these facts it was very i^ ortant that the investigations 
reported herein be conducted, to obtain more information concerning the 
dietary calcium arsi phosphorus requireaents of the growing-finishing pig. 
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Esriiw OF LITERAmi 
Ho single answer has been agreed vipou despite initiation 
over 100 years &go and intenaiv® regearch daring th© last two 
decades conoerniiig tbe const!tuition .of bone aineral. 
—iriastrong, p. 699 (1952) 
Body tissue of Ji@sencliymal origin is broadly classified as connective 
tissue. Several types of tissue are inolawied in this classification. 
However, this discussion will be confined to bone, the principle con­
stituent tissue of the vertebrate endoskeleton. 
As pointed out by Haa (1953)» osteogenesis, or bone formation, 
requires the presence of cells known aa osteoblasts. These cells have 
•Wae poorly understood ability to produce the intercellular material of 
bone, by which they are eventually surrounded. Whan this occurs the 
osteoblasts lose their bOM foiming ability and are eall®i osteocytes, 
or bone cells. 
Due to the calcification of the intercellular substance, bone 
grows only appositionally. There is a proliferation and maturation of 
the epiphyseal cartilage cells. The intercellular portion of the 
cartilage becomes calcified, causing the cartilage cells in the area 
to die. They are then replaced by new-forffled bone. In the presence 
of adequate calcium and phoaphorua new bone normally calcifies immed­
iately upon forming. In the case of inadequate levels of these two 
minerals the bone does not calcify and is cofflBonly termed osteoid 
tissue. Such is the case when rickets occur in growing aniaals. 
Microscopically, the intercellular material is seen to be honey­
combed by a system of ti«^  canals. These canaliculi are passages through 
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which mtrlents are transported, from th© mny blood capillairies tmmd 
in bonei, to the osteooytes» fhis mehanisa enables bone to have the 
characteristic ability to nourish cells, even though they are encas®i 
in calcified saaterial. 
Collagen, a fibrous protein, is the primiple constituent of the 
intercellular mterial of bone» It is situated in a cement-like sub­
stance. The latter material hag not been studied sufficiently to be 
coBsplately identified. While th# lalnerals involved in laaintaining the 
structural fom of bone are deposited in this caaent-like material, 
between ttie collagenous fibers, the exact nature of this bone mineral is 
an extreaely coHbroversial sabjeet. 
Anastrong (1950, 1952) offers eitcellent reviews coixserning the 
evolution of bone Mineral concepts which have been suggested during the 
past 110 years. A® emphasized by Armstrong (1950) there is little in-
f03ra»tion at 'ttie present tiw of -to® ooi^ lete cojn^ osition of ttie un­
altered bon® oineral. 
While there are differences of opinion conoeming th© imatongr of 
bone mineral, the oajority of iBsrestigators currently concerned with 
bone cheMstry apparently beliwe that the basic unit of bone mineral 
is hydroxyapatite, or an apatite-like atructurej Hendricks (1952)j 
Hodge (1952a) and Arastroi^  (1952). Evidence for the existence of such 
an entity was offered in the mid-twenties as a result of x-ray diffrac­
tion studies and has been aibstantiated many times since. For exaB5)le, 
Robison (1951), usiE® th® electron aicroscope, reported collagen fibers 
present in the intercellular material, surrounded by aaorphous material 
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and inorganic hydroxyapatite crystals. The crystals war® reported to 
be approxiraately 500 x 250 x 100 Ingstroa units in size. He postulated 
that each bone crystal was comprised of cell units, each of which in 
turn was coi^ osed of two aolecules of hydroxyapatite, 
IK addition to its function in presiding structural rigidity in 
vertebrates, bon® also provides an easily accessibl© reserve of calciuja 
and phosphorus which is drawn upon to maintain hoMostasis of these two 
Minerals in body fluids during periods of dietary inadequaoy. 
The Hjetabolisa of bon® tissue has been demonstrated to be quite 
active and it has been shown that a continoua exchange of phosphorus 
with the body fluids exists. Hodge Cl952a) points out that radio­
isotopic sti^ ies have shown that phosphorus turnover in skeleton is so 
ri^ id that it would appear that entire bones might be replaced during 
short periods of tiaw. However, in lieu of the rigidity and p®r®anenee 
of bone tissues he does not think this the correct intei^ jretation of 
the results of the radioisotope studies and suggests that bone is com­
posed of a labile stM a stable portion. Mo atten^ t has been iBsde to 
assign an anatoadcal location to th® labile portion of bone. However, 
Heuaan and Mulryan (1950) suggest that aor© labile bone is to be found 
in the epiphyseal and subperiosteal region thsm in the compact shaft. 
This is in harmony with the atate»nt of Duckworth and Hill (1953) that 
uptake of radioactive calciua and phosphorus was much greater in th© bone 
surrounding the Haversion canals than in older bone more distant from 
•toe oaniculi. 
The conception of the existanc® of the hydrox^ 'apatite crystals has 
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led soHse workers, HeMricks and Hill (1951), Hodge (1952) and Meuman 
(1950) to suggest that the surfaee of these crystals represent the 
labile portion of exchange in bon®. They also suggest that the inner 
portion of th@ crystal is the more stable portion. Supporting evidence 
for this hypothesis was provided by Memmn and Ma]|,yran (1952) who re^  
ported that exchange reaotiona of bom mineral occurred in two steps, 
an initial ionic exchange with ions in the surface of the bone crystal 
followed by a slower incorporation of the iona within the bon® crystal. 
Osseous tissue will also store elements normally foreign to the 
body, if they gain acceas to the circulatory system. A geologically 
widespread adneral element which at times is a hazard for livestock ia 
fluorine, Hodge (1952b) states that fluoride absorbed into the body 
fluids is quickly removed by deposition in the skeleton or excretion in 
the urine. Ibe magnitude of each of these metabolic pathways is re­
portedly in the neighborhot^  of 50 per cent of the Intake. Fluoride 
concentration in the blood, body fluids, mascle and soft tissue amounts 
to no more than a few fflicrograms per cent. 
Despite the incoB|)leteness of the knowledge of bone c0D|)0siti0n, 
it has becoffl® evident that the metabolism of osseous tissue is affected 
by the adequacy or inadequacy of the diet in supplying the mineral 
nutrients to th© animal organism. The influence of essential nutrients 
and other factors upon tto aetabolisa of bone have been reviewed by 
Follis (1950, 1953). Duckworth and Hill (1953) have reviewed studies 
of bone con^ iosition as it reflets the nutritional status of animals. 
They point out that metabolic behavior of bone is not uniform throughout 
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the skeleton or mm within a sir^ le bon®. They attribute «uch of the 
conflictory results from inrestlgations comerfied wi-tti storage of mineral 
elements in the skeleton to choio© of osseoms aaterial chosen for study. 
However, the skeleton contains the largest pereentage of inineral 
in th® body tissues, with som of the mineral eltaents being present 
as stmctural cr functional parts of the skeleton. Other eleaents are 
found in bone tiseu© because they were present In the diet. The animal 
organism obtains these Binerala from feeds, forages and nineral supple-
toents* 
Henry (1889, 1890) reported iaproted feed ©fflcieiKjy, increased 
total ash content and increased breakii^  strength of femrs of grcwii^  
awim Tiihen bonemeal or hard wood ashes were added to a cornmal basal 
ration. Further indications of the need for suppleaental phosphorus 
for swine was provided by Burnett (1906, 1908, 1910) who reported 
greater growth and bone development in young pigs when a corn basal 
ration was suppleaented with boneiaeal. 
Hart, McGollm® and Puller (1909) ooB|)ar©d average daily gains and 
per cent of fe®ir aA of pigs fed all plant rations with those receiving 
different Inorganic phosphorus supplements aM concluded that the growing 
pig was able to utilize phosphorus from plairt or inorganic sources 
equally well. However, Forbes (1914) Indicated that slower daily gains 
and poorer feed efficiency were realized when phytln phosphoms was fed 
to pigs, collared with those receiving various Inorganic phosphorus 
supplesaents. 
Other Investigations Involving rats, chickens and dogs have shown 
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that speeiea amy differ in their ability to utiliz© phosphorus from 
plant sources} Boiitwell et ad. (1946); Spitgar and Phillips (194.5)} 
Gillis, Morris and Heuser (1953)} Sii^ sen and Mitchell (19^ 4) ®nd JJellanby 
dm). 
Robison (1926) using pigs of s»all®r initial weight than those em­
ployed by the earlier workers coi-spared the value of several phosphorua 
suppleflaents in adneral aixtmres for swine. It is to b® noted that there 
was a constant proportion of the different supplements included in th® 
experifflental rations, rather than a constant level of elemental phos­
phorus from the different supplements. Therefore, olear-cut conclusions 
oould not b® elucidated* 
Further cosiparative studiQs of th® valuo of diffarent calcium and 
pho^ horua sii^ pleajeats for growing swine were eonducted by Mitchell et al. 
(1937). They ei^ loyed a paired feeding teehniqu© to co^ are the value 
of different suppleiaents when added to s corn-soybean oil laeal basal 
ration. It was eoncludad that a alaple aineral mixture of salt and 
steamed boneiaaal was as satisfactoiy as mor® eoii|)lex mixtures under 
their coMitiona. They also reported dicalelum phosphat® and steaaed 
boneaeal te be of coi^ arabl® value ss phosphorus supplements for swine 
•Sirtien added to th« cslcium-defioient basal ration. 
In a ttore i^ cent investigation, Shrewsbury and festal (1945) coisw 
pared stesuned bonemal, d@fluorinated phosphat®, roclc phosphat© and 
superphosphate when added to a oorn-soybean oil seal ration for pigs 
in drylot, A ealciuja-phosphorus ratio of l,5il was used with the 
phosphorus level naintainad at 0,43 per of th© ration. They 
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reported superior bone quality aM rate of gain froa the pigs fed steamed 
boneiaeal and supeiphosishat© as eoif)ar©d witto those fed the other two 
st^ pleoents. Itoese were reportedly unable to relate dietary fluorine 
content with their eaqjeriaental results. 
A relatively new product has been offered during the last 15 years 
for use as a phosphorus suppleasnt for livestock, fhe acouMulation of 
soft phosphate with colloidal clay, the reaidtial t^ -product of the rock 
phosphate aining industry of North 0®nti^  Florida, has resulted in a 
large potential source of phosphoBis for feed and fertilizer use. 
Considerable sontroversy ha® existed concerning "ttie value of this 
material as a phosphorus su^ pleaeat for poultry. Miller and Joukovsky 
(1953), Qrau and gweigert (1954) and QllHs, Morris and Heuaer (1954), 
using growth response and bone odlclfleatlon In poultry as criteria, 
reported that the biological value of soft phosphate with colloidal clay 
was not equal to that of dlcalclun phosphate or stewaed boneaneal. 
Gobble and Miller (1953) and Gobble, Miller and Sherrltt (1954) 
observed no significant difference In rate of gain, feed efficiency, 
blood serum inorganic phosphorus and per cent of ash of phosphoi-us in the 
moisture-free bone between groups of swine fed dicalolum phosphate and 
those fed colloidal cliflr. The latter supplement contains variable 
quantities of fluorine, but these Irarestlgators stated that no gross 
syi^ toms of fLuorosls were observed in swine receiving this product. 
According to Anaeriaan et al. (1954) "tiiere was no significant differ­
ence In the utilization of phosphorus from colloidal clay, steamed bone-
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meal aM two different dicaleium phosphates by yearling steers. This 
stttdy employed the short-term balance teohniqu®. 
There hare been reeerrt reports ia th© literature that antiMotios 
may hav® an affect upon the utilization of soa® of the minerals by 
poultry, Ross and Xaoowits (1954) usii^  growth respons® and tibia ash 
content as criteria, concluded that penicillin enhanced bone calcification 
in chicks, if adequate vitaain B w@r® p»sent in the ration. Linblad, 
Slinger and Motaok (1954) on the other hand, collared various corabinations 
of calcitm and phosphorus with and without aureoffl;^ in, and reported 
that the aore inadequate the leivel of dittary calGium and phoaphorus 
the greater the response to aureoEnyoin, They also coneltMed that 
mxreoagrcin did not alter the requireaents for these two minerals by 
female chicks, but did increase ift-e pho^ horas needs of chick. 
Iiwestigations eoncermd with deteraining the optimm level and 
ratio of these two minerals for swiE», with one exception, has-e been 
conducted prior to the wide use of antibiotics in awine rations. These 
earlier investigations ha^ e been rei^ -iewed by Roberts (1953) and will not 
be furUaer discussed* 
The only currently asrailable inveatigations concerned with calcium 
and phosphorus requirements of growing swine fed antibiotic-supplemented 
rations is that of Roberts (1953). In his investigations, Roberts 
enployed a seven by seven factorial e^ cperiaental design. Rations 
containing 0.2, 0.3, 0.4, 0.5, 0.6, 0,7 and 0.8 per cent each of calcium 
and phosphorus were fed to swine, with the results suggesting the 
minimum dietary requirement of each of the two minerals to be 0.4 per 
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cent of the ration. liow®T@r, Roberts was not able to define tim 
dietary r®q«ireB®nt of these ©leaents for the growing pig on the basis 
of the data eollected. 
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lifESTIGATIOI 
Objectives 
It was the purpose of thes© experlaents to detsrBine (1) the level 
of calcltm bM phosphorus which wottM insure the optimum rat® of gain 
and skeletal d@veloptt®nt ia the growing-finishing pig, (2) th® ability 
of groving swine to utilize phosphorus of plant origin, (3) the effect 
of chlortetracyeline (aureoBjeia iCl) upon tha utilization of phosphorus 
by the growing pig, and (4.) th® eoaparativ© nutritional value of phos­
phorus from steanad bonemeal, soft phosphate with colloidal clay and 
dicalciuro phosphate for growing swine. 
Bxperiasntal Techniques 
The research reported herein was conducted as a series of ttiree 
«icperlB»nta, recorded by the Iowa State 'ExperiiMnt Station as Swine 
Nutrition Iscperii^ nts 593» 0^5 awi 605~A, 
Experiment 593 was designed to study the utilization by swine 
of phosphorus from plant Material and from various high phosphorus 
supplements and to deterisine the affect of ohlortetracyeline upon the 
utilization of this phosphorus. Eaperi»nt3 605 and 605-A were concerned 
with the re-evaluation of ealciua and phosphorus needs of growing-
finishing swine. In addition, when the results of experiments 605 and 
605-A are discussed, they will be coDpared to and discussed in conjunc­
tion with tl» results of experiments 557-1 and 557-2, reported by Roberts 
(1953). 
13 
ItoerliBent 593 
The experimental design of this randooiaed block eJQseriinent is 
shown in Figure 1. There were two replioations, each of which contained 
eighteen pens, or ration treataents. These are outlined in th© figure 
by th® dotted lines. Two barrow and two feaal® pigs were placed in 
each pen, with a total of one hundred md forty-four weanling pigs 
of Polawi China x Landrace x Duroc breeding used. The ration treatments 
were allotted randomly to pens within' replication, and the pigs were 
allotted at randoia to the treatmnts by weight outcome groips within 
sex, within replication, ftrior to placenent on the estperiinental 
rations all pigs were wormed with sodiuia fluoride, sprayed with benzene 
hexachloride and dipped in lime sulfur. They were confined indoors 
on concrete and bedded with wood sh«?lngs. Th® pens were cleaned daily. 
Each pig was reao^ ed from the experiaent when it reached a liveweight 
of 200 pounds. Body weights and feed consu^ tion were deternined every 
two weeks. 
One animl of each aex was chosen from e^ h pen, by pre-experimental 
randomized selection, to be slaughtered when it reached the live weight 
of 200 pounds. Both femur bones of each of the carcasses were analyzed 
for breaking strength, ash content and phosphorus, calcium, sodium, potas­
sium, magnesium and fluorine content of the ash. The breaking strength 
and ash content of the femurs was determined by th® n»thod described by 
Roberts (1953). Four hundred inilUgraBs of ash were placed in a 200 
ml. volumetric flask, and tireated^  with 5 ®1. of concentrated ffil. When 
the bone ash was in solution distilled water was added to bring the 
sn 
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SOURCE OF PHOSPHORUS 
PLANT 
PHOSPHORUS 
STEAMED 
BONEMEAL 
COLLOIDAL 
CLAY 
OICALCIUM 
PHOSPHATE 
P FROM SUPPLEMENT (%) —• 
P FROM PLANT SOURCE (%)—• 
0.00 
0.50 
0.15 
0.35 
0.30 
0.20 
1 
0.1 8|0.30 
0.3 210.20 
1 
0.1 8 
0.32 
0.30 
0.20 
1 
0.1810.30 
0.32 0.20 
1 
REPLICATION J/ 
1 
NO 
CHLORTETRACYCLINE 
2 
— — 
- - - - - -
1 
1 
— H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
5 M6 
CHLORTETRACYCLINE 
2 
r 
1 
1 
- -L 
1 
1 
1 
1 
1 
1 
- ^ -
1 
1 
1 
1 
1 
1 
1 
1 
1 
M 
i /TWO MALES AND TWO FEMALES PER PEN.  
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Mixture to volume. The different' ash analyses were eoniuoted upon 
this solution, Pbosphorug eonteat of the ash w«s deterainM using tli® 
astbod of Pisk© and Subbarow (1925). tbe saleiuffl content of the feiwr 
ash vas deterMaed both chenieally, using the procedure of Eramar aM 
Tisdall (1921) as modified by Tisdall (1923) and Clark and Oollip 
(1925), and by flame speetrophotoinetrio analysis. Potaasium, sodium 
and fflagnesiuffi content of the mh waa d©terMn®d by fl&M s^ ectrophoto-
metric analysis. Fluorine deterMnations on both th© bones and feed 
were conducted by a ccwwrciul laboratoj^ . 
The flam® spectrq?hotometor is designed to aeasuire the intensity 
of endssion of a given wave lengtti when an @l@iMnt is b«rn®d in a hydro­
gen and oscygon gas flasw. the solution containing tiie element is passed 
through •yie capillary at a uniform rate at constant pressure. • It is 
coMBonly assuiaed that if th« phg-sical characteristics of the unknown 
solution and standard solution ar© siHllar th® rate of introduction will 
b© slfflilar and the flame intensity can b® directly related to th® 
concentration of the ©leaent in question. It was with these facts in 
wind that the present flaa® gpeotrophotoaatric deteriainations w®r® 
conducted. 
In lieu of the known intsrfereacss which elements nay express in 
flame analysis. Parks, Johnson and Lytten (194B) and Wallac© .at .al.. 
(1951), standard curves for th® fla» photoiBetar analysis of bone ash 
were calibrated by analyzi% synthetic bone solutions containing 
quantities of calciuie,, phosphoTOs, potassiua, sodiua and aagnesium 
representative of th® coi^ osltion of bone reported by Qabriel (1894.)» 
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Millie the analytical procedwes h© used may not ,hwe been oon|)arable 
with current techniqii®®, it was asstt»d that th© analyses reported were 
repressntati"^ ® of th® merag® ohejaioal coiaposition of bone tissue. 
The bon® solution was synthesiz®d by bringing together equal 
voluaes of solutions containing phosphorus, caloiuo, potassium, sodium or 
•magnesitm in quantities representing the bone ash cosi|)03ition reported 
by Gabriel (1894)• Five times th® required level of the different 
elements was placed in their respective solutions to allow for dilution 
when tte five solutions were ooabined. 
In order to calibrate a standard curve for potassium, magnesium or 
sodium, the eleBtent in question was replaced with an equivalent volume 
of distilled water or solutions eontaining known quantities of the 
eleMOt. As seen in Figures 2, 3 and 4» the per sent of transjaisslon 
of each of these eleaients was considerably Iwer in the synthetic mix­
tures as coBfjawd with the plain ffid-xtures. The latter consisted of the 
game concentrations of only the eleaeat in question in double distilled 
water. In the case of oaleium, a standard solution was obtained by a 
coKposite of five feaur ash solutions for which the ealciua content had 
been deterained by the chemieal procedure. 
The inst3rua®nt used is the flaa® speotrophotographic analysis was 
the Beckasan Model D0 SpectrophotOEKter with the Model 9200 flame attach­
ment. The settings used to deterjnin® the different elements are shown 
in Table 1, 
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Table 1. Settings used in detemining caloiuia,, potassium, megnesiuai and 
sodiua content of fenur ash 
Element Mm@ Sensitivity® Slit Photo 
length width tube 
CaleiuB 554 i 0.15 . him 
Potassiuja 766 O.lO red 
Magnesium 383 J- 0.50 blue 
Sodiua 5B9 Clockwise 0,15 blue 
S^ensitivity knob setting between extraiae anti-clockwise bM clock™ 
wise positions 
Blood saj^ les were taken from the coccygeal artery when each animal 
reached 100 and 200 pounds, live weight, Dupllcat® inorganic phosphate 
determinations were made using th® procedure of Zllversait and Davis 
(1950). 
The ®xperii»ntal rations, presented in Table 2, were fed to th© 
animal both with and without chlortetraoycline. The rations were forma-. 
lated so that eaoh contained th® saw© ealcium and phosphorus level and 
ratio. The per cent of oalciua and phosphorus used in th© ©xperia^ ntal 
rations were 0.7 and 0.5 respectively, since Eobarts (1953) reported 
that these levels appeared to give best results with antibiotic-supple-
mented rations for growing swine. To eliminate possible effect due to 
the method of production of the coianercial phosphorus sttppleTOnts, 
steamed bonemeal, soft phosphate with colloidal clay and dicalcium phos­
phate were obtained from three different producers. fiqusO. parts of these 
were then blended thoroughly before incorporation into the escperimental 
rations. 
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Figure 2, Standard curve for flame spectrophotometric determination 
of potassium content of bone ash 
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Figure 3. Standard curve for flame spectrophotometric determination of 
sodium content of bone ash 
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Figure 4- Standard cuirve for flame gpectrophotometric determination of 
magnesium content of bone ash 
Table 2. Experiaent 593. Composition of experin^ ntal rations 
Sonuroe of phosphcanja 
Plaat phosphOTus Steaffl»d Colloidal Slealei«» 
bonemeal® elay^  phosphate® 
P from sttppleaeat i%) 0.15 0.30 0.18 0.30 0.18 0.30 0.18 0,30 
f fro® plant source (%} 0.50 0.35 0.20 0.32 0.^  0.32 0.20 0.32 0.20 
iMredienta 
Wheat broa 19.00 4.00 mmirn -
GrcaiM f®llm com 60.85 67.55 75.A0 74.40 '5.60 ... 
irewers* grits — 61.75 69.95 68.95 70.95 
Oat halls ... 3.50 8.00 — — " 
Cora oil lenMs) 0.40 2.65 2.40 2,40 2.40 
Solvent soybean oil joeal 16.00 20.20 23,CX5 20.00 22.50 20.30 21.50 20.00 22.00 
Trae® adnerals^  0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 
Iodized salt 0.50 0.50 0.50 0,50 0.50 0.50 0.50 0.50 0.50 
Calciiffli carbonate 1.55 0.95 0.35 0.50 _ 0.55 0.85 9— 
Phosphorus cairiar «« o.m 1,65 1.50 2.55 2.15 3.55 0.95 1.65 
fitaffiin preaix® 2.00 2,00 2,00 2.00 2.CX5 2.00 2.00 2.00 2,00 
%tippHed by Darliug md Ct^ any^  a#ift mA Cc^ a«y sM Armoar aM 
%tipplied by Sellc^ g Seaboard Sales Gcm^ ss^  and Lomala Phosphate Cmpmy 
.Supplied by Sh«a Oh©fflical Corporation, Victor Cheaical C<Mpa^ y and tensanto Gheadleal Cca^ any 
S^ee Table A 
®See Tabla 3 
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Eaoh phosphate suppl#a®nt was tested at two different levels. The 
p®r cent of each phosphoms suppleaftnt needad to supply these levels 
is presented in Table 2, 
Wheat bran was used to insrease the plant phosphorus for testing 
the availability of phytin phosphorus. Constant fiber levels were 
laaintained by adding oat hulls where needed. In deteiwining the ability 
of the pig to utilize phosphorus from plant swirces (phytin phosphorus), 
dicalciua phosphate was arbitrarily chosen as the inorganic phosphate 
suppleaent to which it was to be coapared* 
The protein level of the ea5)@ri»ental rations was maintained at 16 
per cent throughout the entire «qperiaental period* A vitamin premix 
(Table 3) as weO.1 as a trace aineral preaix (Table 4) was added to the 
rations to supply Idle vitaains and trace minerals in amounts considered 
optimum for growing swine. 
The rations were fed ag libitum and water was provided by automatic 
water cups* The feeders and waterers were checked daily to assure proper 
functioning. 
The data were analyzed statistically aecordii^  to the plans in 
Tables 25 , 26 and 27 of the ^ peMix, with all stated levels of 
statistical significance at the P « .05 level. The statistical 
analysis of the several measurements studied has been carried out in 
the main in two parts: (1) amo^  levels of plant phosphorus and (2) 
®«ong the three pho^ horus, namely steamed boneaeal, colloidal clay 
and dicalcium phosphate. The average effect of the whole experiment 
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Table 3. Sxp@ri»iat 593. Aaount of vitamins and antibiotics added per 
pound of Qo^ lete ration® 
Added 
Ingredients per pound 
of ration 
fitaadn A, I.O,^  3000.0 
VitaBdn D^ , I.0.° 200.0 
Menadiom, 0.5 
Alpha-tocopherol acetate, i^ » 1.0 
Thiaains hydrochloride, ng. 1.5 
Ribollara'in, ag. 1.5 
liacin, ag. 20.0 
Calcioffl pantothenate, jsg. 6,0 
Choline chloride, 250.0 
Pyridoxine i^ drochlorid®, ag. 1.5 
Folic acid, isg. 0.5 
Biotin, B^ , 0.1 
Vitamin MCf.° 5.0 
Chlortetracycline, 5.0 
®?itamins were added to the ration in a soybean oil laeal premix 
S^upplied as stabaliztd vitamin A ae^ tat®, Nope© Ghaaical Coi^ anQr 
S^upplied as type 9-F irradiated yeast, StaMard Brands, Incorporated 
Supplied as vitamin suppleaent, Merck and Co^ any, 
Incorporated 
®Supplied as crystalline auraoi^ in HGl, Lederl® Laboratories 
Division 
was considered, however, la ti» ease of antibiotics, sex and weight 
influence. 
Experiments 605 and 6QS»A 
As previously stated, the purpose of these two experiments was to 
re-evaluate the calciu» s«d phosphoms reqMreiaent of growing swine. 
Levels of calcium fed ranged from 0.2 through 0.8 per cent inclusive and 
pho^ horua from 0.2 throigh 0,7 per cent. The design of the experiment is 
presented in Figure 5, with the experimental treatments outlined by the 
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Table 4, Trace Mineral preinix® 
Ilenent For® 
Per cent 
in nreaix 
Mn MaSG^ .4l20 5.90 
Fe P8S04.TH20 7,00 
Cu CUSO4.5H2O 0.48 
Co G0SO^ «H2O 0.16 
Zn InSO^ .HgO 0.45 
K 0.75 
Ga OaOO^  14.20 
%oiitrlbttt®d the following p.p.m. to the ration: Fe, 70f Cu, 4..8j 
Co, l,6j Mn, 5% In, 4-4| and 7^  
he®rier line. While it was thooght that the laost satisfactory calcium-
phosphorus ratio was between Isl and 2jl, it v*s felt desSrabl®' to pro­
vide eaphasig to this thesis. Therefore, ratios of 0.5j1 through ^ sl 
were imluded in the experiasntal treatments. Ih® oaloiua-phosphorus 
ratios of the various ration treatmsats aw presented in their designated 
squar®, 
Ixp@riaents 605 and 605-A w®r© duplicatad in ©atperiEiental procedure 
oxoept for two factors. Although each was conducted on concrete drylot, 
Experiwnt 6o5 was coMucted inaide durii^  the winter of 1953~54., and 
Esiperifflent 605-A outisd® during the summer of 1954. This was for th® 
puipose of determining whether th© ro^ iwaents of swine for these two 
minerals varied with season. The other principle difference was that 
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there was 1 fe'aala and 2 male pigs per ration treatment in Experiaent 
605, and the reverse of this per lot during IxperiuBnt 605-A. This 
provided an equal number of male and femal© pigs per treatment, within 
weight aatcome groups. Otherwise, the experiments were duplicated as 
near as possible and will be described as one, in regard to ©xperiaiental 
procedure. 
Weanling pigs of Poland China % Landrace x D«roc breedir^  were 
allottsd randoalj by weight outcome groups within sex within experiments 
to each of th® twenty-five ration treataients* Prior to aHotirent the 
pigs were wormed with sodita fluoride, sprayed with benzene hexa-
chloride and dipped in liB«3 sulphur. 
It was desired to determine the effect of the experiaental treat­
ments at different ages, fly pre-e:^ erlEBntal randomized selection one 
pig was removed for slaughter when it reached 100 pounds live weight, 
one at 150 pounds and the last when it reached 200 pounds in weight. 
The experimental lota were weighed ©very two weeks and when each pig 
reached its terminating weight. After the pigs were slaughtered, the 
carcasaes were treated as described by Roberts (1953), Both feBiurs were 
removed from each carcass and analyzed for breaking strength, ash, fat, aM 
water content. Phosphorus, calcium, sodium, saagnesiuw and potassium 
content of the ash were also determined, fte boa® analysis was cm-
ducted as previoualy described. 
The experi!»ntal rations were calculated to conforia as nearly as 
possible to those used by Roberts (1953). However, brewers' corn grits 
were substituted for ground yellow corn when low-phosphorus rations were 
Figure 5. Ixperiaents 605 and 605-A. Experimental desiga. 
CALCIUM AND PHOSPHORUS REQUIREMENTS 
OF G-F SWINE 
EXPERIMENTAL DESIGN 
CALCIUM (%)  
PHOSPHORUS 
% 
% 0.2 0.3 0.4 0.5 0.6 0.7 0.8 
0.2 1.0 1.5 2.0 2.5 3.0 
0.3 0.67 1.0 1.3 1.67 2.0 
0.4 0.5 0.75 1.0 1.25 1.50 1.75 2.0 
0.5 1.0 1.2 1.4 1.6 
0.6 1.0 1.17 1.13 
0.7 1.0 
£» 
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required, rather than pearled corn starch. When brewers' grits wer® 
msed., & constant fat lesvel was aaintained by th® addition of crude corn 
oil. The levels of oalciua and phosphorus were changed by adjustiag 
th® amounts of corn, brewers' grits, solvent extracted soybean oH tosI, 
calciaffi carbonate and aonoealciua pho^ hat© in the ration. The protein 
level was maintained at 16 per eeat from the initiation of th© experi­
ments until th@ lot reached an average weight of 75 pounds. The protein 
level was ttien reduced to 13 per cent until a lot average of 150 pounds 
was reached. It was then reduced to 10 per cent until the end of the 
©cperiaent. When necessary, the protein level was altered by varying 
the proportions of soybean oil »®al, ground yellow corn and/or brewers* 
corn grits. The coaposition of tij® vitawin-antibiotic preiaix which was 
added to the ration is shown in Table 5« The trace aineral prealx was 
the sa»e as that used in experiment 593 and was included in the rations 
at the rate of 0.1 per cent of the ration. The experimental rations 
also contained 0,5 per cent of iodized salt. The ingredient composition 
of the 16 per cent protein rations used in Experiments 605 and 605-A are 
shown in Tables 6 and 7, respectively. 
Feeding was ad libitMa and water was again provided by automatic 
water cups. They were checked daily to assure proper functioning. Feed 
weights were obtained every two weeks and when pigs were removed from 
the experiment, with waste feed being subtracted from the amounts charged 
against each lot. 
Owing to large and inconsistent variation between trials, Roberts 
(1953) subjected each of his experi»nts to a separate statistical 
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Table 5. Experiii^ nts 605 sad 605-A. Amounts of vitamins and antibiotics 
added per pound of cosplete ration® 
Mded 
Ingredients per pound 
of ration 
Vitaain A, 1.0.^  2000,0 
fitaain Dg, I.U.® 400.0 
Menadione, mg. 0.5 
Alpha-tocopherol acetate, ®g. 1.5 
Thiajoin hydrochloride, ag. 1.5 
Riboflavin, ag. 0.9 
Miaoin, sag. 11.0 
Galoium pantothenate, rag. 2.0 
Choline chloride, ag« 50.0 
Pyridoxine hydrochloride, mg. 1.5 
Folic acid, ag. 0.5 
Biotin, Big, 0.1 
Para-amino-benzoic acid, mg. 0.5 
Vitamin Bx2» 5,0 
Chlortetracycline asg.® 5.0 
®sritamin3 were added to the ration in a ao^ean oil seal preaix 
S^upplied as stabilized vitaiain A acetate, lopco CheiaiGal Goa^ any 
S^upplied as type 9-f irradiated yeast, Standard Brands, Imorporated 
S^upplied as vitamin Bx2 feeding suppleaent, Merck and Gon^ argr, 
Incoip orated 
®Supplied as crystalline aareou^ yein HCl, Lederle Laboratories 
Division 
analysis. These inconsistencies prevented bim from definite tlie 
growing-finishing pigs' requirements for these two elements. They were 
also suggestive of possible seasonal effects upon the results he obtained. 
Since this condition existed then and was encountered in experiments 
605 and 605-A, it was thought best to coabine the results of the four 
experiiaenta for final statistical aimlysis. fhis procedure will tend to 
remove the effect of peculiarities in pig perfonaance and provide a true 
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fable 6. Experiment 605. Cosspoaition of sixteen per cent protein 
rations® 
(per cent) 
Ca-P Brewers• Ground Solvent Corn Mono- Calciuffi 
content grits yellow soybean oil calcium carbonate 
of 3»tion corn oil meal phosphate 
i%) 
0.2-0.2 74.5 21*0 2.5 0.1 0.3 
0.3-0.2 74.3 — 21.0 2.5 0.1 0.5 
0.4-0.2 74.0 21.0 2.5 0.1 0.8 
0.5-0.2 73.8 21.0 2.5 0.1 1.0 
0.6-0.2 73.5 — 21.0 2.5 0.1 1.3 
0.2-0.3 28.9 50.0 19.0 —— 0.3 0.2 
0.3-0.3 29.0 50.0 18.7 — 0.3 0.4 
0.4-0.3 28.4 50.0 19.0 0.3 0.7 
0.5-0.3 24.7 53.2 19.3 0.3 0,9 
0.6-0.3 24.4 53.2 19.3 — 0.3 1.2 
0.2-0.4 — 79.0 IS. 8 — 0.6 
0.3-0.4 — 79.0 18.5 0.6 0.3 
0.4—0.4 — 78.7 18.5 0.7 0.5 
0.5-0.4 — 78.5 18.5 — 0.6 0.8 
0.6—0.4 — 73.2 18.5 — 0.7 1.0 
0.7-0.4 — 77.8 18.7 — 0.6 1.3 
0.8-0.4 — 77.5 ia.7 mmirn 0.7 1.5 
0.5-0.5 78.0 18.7 mmmm 1.2 0.5 
0.6-0.5 77.7 18.8 1.1 0.8 
0.7-0.5 77.U 18.8 — 1.2 1.0 
0.8-0.5 — 77.2 18.8 — 1.1 1.3 
0.6-0.6 77.2 19.0 1.6 0.6 
0.7-0.6 77.0 18.9 — 1.7 0.8 
0.8-0.6 — 76.8 18.9 — 1.6 1.1 
0.7-0.7 •MHO* 76.7 19.0 — 2.1 0.6 
%ach ration contained 1.0 per eent ^ itaaiin preiaix (Table 5), 0.5 
per cent iodiaed sjilt and 0.1 per cent trace Mineral 'mix (Table 4.) 
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Table 7» Bxperljnent 605-A» Coi^ oaitlon of sixteen per cent protein 
ration® 
(per cent) 
Ca-P 
content 
of ration 
{%) 
Brewers' 
grits 
Ground 
yellow 
corn 
Solvent 
soybean 
oil mal 
Corn 
oil 
Mono-
calcium 
phosphate 
Calcium 
carbonate 
0.2-0.2 76.5 19.0 2.5 0.1 0.3 
0.3-0.2 76.3 19.0 2.5 0.1 0.5 
0. .2 76.0 19.0 2.5 0.1 0.8 
0.5-0.2 75.6 19.2 2.5 0.1 1.0 
0.6—0.2 75.3 — 19.2 2.5 0.1 1.3 
0.2-0.3 28.9 50.5 18.5 0.3 0.2 
0.3-0.3 • 29.0 50.0 18.7 — 0.3 0.4 
0.4-0.3 28.4 50.5 18.5 0.3 0.7 
0.5-0.3 25.0 53.4 18.8 0.3 0.9 
0.6-0.3 24.7 53.4 18.8 — 0.3 1.2 
0.2—0.4 79.0 18.8 m-tm 0.6 
0.3-0.4 79.0 18.5 0.6 0.3 
0.4-0.4 73.7 18.5 0.7 0.5 
0.5-0.4 -a. 78.5 18.5 0.6 0.8 
0. ^^ 0.4 78.2 18.5 0.7 1.0 
0.7-0.4 — 77.8 18.7 0.6 1.3 
0.8-0.4 — 77.5 18.7 — 0.7 1.5 
0.5-0.5 78.0 18.7 1.2 0.5 
0.6-0.5 77.7 18.8 1.1 0.8 
0.7-0.5 77.4 18.8 — 1.2 1.0 
0. S—0.5 — 77.2 18.8 
— 
1.1 1.3 
0.6-0.6 •MMk 77.2 19.0 — 1.6 0.6 
0,7-0.6 77.0 18.9 — 1.7 0.8 
0.8-0.6 
— 
76.8 18.9 
— 
1.6 1.1 
0.7-0.7 
— 
76.7 19.0 
— 
2.1 0.6 
a^ch ration containod 1,0 per oent vitamin premix (Table 5), 0.5 
per oent iodized salt and 0.1 per ceot trace laineral mix (Table 4.) 
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perspective regarding the response lAlch should be expected from a pig 
which Is fed a given dietary level of calcium and phosphorus. 
When the data for these four experiments were pooled, it was found 
that there was no aeason and ration interaction. This enabled the 
trials to be considered replications, statistically. The multiple re­
gression analysis of rate of gain, breaking strength of femurs and per 
cent ash of femirs was conducted for all three weight groups. The mul­
tiple regression model used was I « a + ^ 1®® * b^ Ca^  + + b^ GP, 
where X is the measure of response. Another laultlple regression 
model was investigated {l « a + bj^ Ga + + b^ f^Ca + b^ ^^ YF'+ b^ TCaP) and 
was found to add little to the analysis. Therefore the previously 
inentioned model, wildi the appropriate partial regression coefficients, 
was used to compute predicted values for rate of gain, breaking strength 
of fenurs and ash content of feaurs at any given dietary level of phos­
phorus and calcium. This choice of models was made due to greater ease 
of computation of the predicted values, in lieu of the siaiilerities 
of final results. 
These three criteria were also statistically analyzed according to 
the plan in Table 28 of ttie appendix. Femur weight, water content, fat 
content and phosphorus, calcium, mgnesiui®, sodium and potassium cccitent 
of femur ash were statistically analyzed according to the plan in Tables 
29 and 30 of the appendix. 
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Eeswlts 
Experlaeat 593 
It was desired to determine if the treati^ nt variables expressed 
dissifflilar responses at different periods of growth in the pig. There­
fore the results of this experimnt are presented for two periods of 
grwth, as iMicated by body weight. 
Period from 25 to 100 pounda body weight, Mhile goa© additional response 
was obtained from the inelusion of chlortetracycline in the ration, the 
data (Table 8) show no significant differences in th® rat© of gain, 
average feed ©ffieiency or daily feed intake, 
The source of phosphorus guppleaent had no significant effect on 
either average daily feed intake or f®ed efficiency. Hovjever, the average 
daily gain was significantly redm^  in those pigs receiving colloidal 
clay eoapared with those f®d st®am®d bowBeal or dicalcium phosphate. 
Pigs receiving the higher levels of phosphorus from the inorganic phos­
phorus auppleiaents a^ e significantly less feed par day and required 
significantly less feed per pound of gain (hereafter referred to as feed 
efficiency) than thos® receiving more of their phosphorus froBj, plant 
sources. (Table 8) 
As the level of phosphoru$ from an inorganic source (dicadciua 
phosphate) was increased from 0.0 to 0.3 per cent of the total ration 
there was a significant linear effect on increasing rate of gain and a 
significant quadratic effect on Increasing werage daily feed intake. 
However, tiiere was no statistically significant effect upon feed 
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Table 8. Experifflent 593. Suwaary of average daily gain, daily fe@d 
consu^ tion and feed required per pouM of gain, 25 - 100 
pounds 
(lbs.) 
No. Average Average Average 
Ration treataent pigs daily feed feed/lb. 
£ain intake gain 
No antibiotics 72 1.37 3.5 2.59 
5 Big. antibiotic 72 1,41 3.7 2.63 
Steamed bonemeal 
laore. P. PlAat P. 
16 2.66 0.1# 0.32 1.43 3.8 
0.30 0.20 16 1.51 3.6 2.37 
Av. 32 1.47 3.7 2.52 
Dicalciuja ohosDiiate 
Inorg. F. Plant P. 
16 2.61 O.IS 0,32 1.48 3.9 
0.30 0.20 16 1.42 3.7 2.58 
Av. 32 1.45 3.8 2.59 
Colloidal clay 
laorc. P. Plant P. 
0.18 0.32 16 1.33 3.8 2.82 
0.30 0*20 16 1.31 3.3 2.52 
Av. 32 1.32^  3.5 2.67 
1mm. P. Plant P. 
0.18 0.32 48 1.41 3.8 2.70 
0.30 0.20 48 1.42 3.5° 2.49® 
Levels of olant P. 
3.1«^  2.68 0.50 16 1.18® 
0.35 16 1.38 3.8 2.78 
0.20 16 1.43 3.6 2.50 
^Per cent of total ration 
A^verage effect of soorc© of P. significant at P " .05 or less 
®^Linear effect of le^ el of inorganic P. significant at P « .05 
or less 
"Quadratic effect of level of P. from plant sottrcea significant 
at P » .05 or less. 
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effictency as the per cent of phosphorus from plant sources was decreased 
in the ration. 
Analyses of the blood samples takea when th@ pigs were 100 pounds 
in weight are shown in fable 9. Considerable heaolysis occurred in all 
blood saaiples. The effects of hemolysis on th® results of these analyses 
were not evaluated. lo signifieant effect of ration treatments on the 
blood data was discernabl® during this period. 
Period from 25 - 200 pounds of bMy weight. In contrast to the results 
of the earlier period, there was, as shown in Table 10, a small but 
significant increase in aver?if® daily gain when chlortetracyoline was 
imluded in the rations. The diffeTOmes in feed intake and feed 
efficiency resultii^  from antibiotic feedii^  were extremely small, 
the pigs reeeiving colloidal clay gained significantly alower than 
those receiving either steaaed borwaeal or dicalciuo phosphate, but there 
was little difference in the degree of weight gain response of the pigs 
raceiviEg the latter two supploaents. The daily feed intalce of the 
colloidal clay fed pigs was significantly leas than for pigs fed dical-
eium pho^ hate, the differease in the daily feed intake between the 
oolloidal clay and bonemeal grot^ s was Just abort of significance at the 
P » .05 level. 
The pigs receiving steamed boneaeal demonstrated a significantly 
better feed efficiency than those fed colloidal clay* While less feed 
was also required per pound of gain by the piga fed dicalcium phosphate, 
the difference was not statistically significant at the P * .05 level* 
¥hen the average level of phosphorus furni%@d. in the ration by the 
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Table 9. Experiment 593. Summary of blood serum inorganic phosphorus 
(milligraias per cent) 
Mo. 100 lb. 200 lb. 
Ration tr©atiB®iit pigs pigs pigs Average 
So antibiotic 72 12.2 11.1 11.6 
5 Big. antibiotic 72 11,8 10.8 11.3 
Steaned bonea@al 
Inora, P. Plant P, 
0.18® 0,32 16 12.0 11.1 11.5 
0.30 0.20 16 12.0 10.8 11.4 
Av. 32 12.0 10.9 11.5 
Dioalciuffl ohosohat® 
InorgT, ^ T, ,aan|;F,r, 
16 0.18 0.32 12.3 11.2 11.7 
0.30 0.20 16 11.7 11.6 11.6 
Av. 32 12.0 11.4 11.7 
Colloidal clay 
16 0.18 0,32 12.3 11.9 12.1 
0.30 0.20 16 13.0 9.8 11.4 
Av. 32 12.6 10.8 11.7 
;norgt Pt 
0.18 0.32 A8 12.2 11.4 11.8 
0.30 0.20 48 12.2 10.7 11.5 
Levels of olant P. 
0.50 16 11.2 9.8 10.5° 
0.35 16 11.3 11.1 11.2 
D.20 16 12.0 11.7 11.8 
10.8 11.4 Barroua 72 12.0 
Sows 72 12.0 11.2 11.6 
Av. U4 12.0 11.0° 
®p8r cent of total ration 
L^inear effect of plaat P. significant at P » .05 or less 
®Iff«ct of age significant at P * .05 or less 
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Table 10. Experiment 593. Sttmnary of average daily gain, daily feed 
oonsunptioH and feed required per pound of gain, 25 - 200 
poiiads 
(lbs.) 
Ration treatmsnt 
Mo. 
pigs 
Average 
daily 
mln 
Average 
f@sd 
intake 
Averse 
f®ed/lb, 
gain 
No antibiotics 
5 antibiotics 
72 
72 
1,54 
1,60® 
5.0 
5.1 
3.27 
3.22 
Steamed bonsneal 
0.1$^  0.3a 
0,30 0.20 
Av, 
16 
16 
32 
1.64 
1,66 
1.65 
5.3 
4*8 
5,0 
3.26 
2,90 
3.08 
Biealoim ohosBhate 
0.18 0.32 
0,30 0,20 
Av. 
16 
16 
32 
1,59 
1.66 
1,63 
5.3 
4.9 
5.1 
3,34 
2.95 
3.14 
CoHoidal clay 
Inora. P. Plant P., 
0.18 0.32 
0.30 0.20 
Iv. 
16 
16 
32 
1.50 
1.42 
1.46® 
5.2 
4.4 
4.8® 
3.45 
3.10 
3.28® 
Inora. P, Plant P. 
0.18 0.32 
0.30 0.20 
AB 
48 
1.5s 
1,58 
5.3^  
4,7^  
3.35^  
2.98® 
Levels of olant P. 
0.50 
0.35 
0.20 
16 
16 
16 
1,45^  
1.57 
1.63 
5.3 
5.4 
5,0 
3.48 
3.11 
A^verage effect of antibiotic significant at P « .05 or less 
%er cent of total ration 
A^verage effect of source of P. signifioaat at P • .05 or leas 
"Linear effect of level of inorganic P. significant at P »» .05 
or less 
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three supplettents was increased from 0.18 to 0.30 per cent there was no 
effect on the awerag® rate of gain. However, the feed required per pound 
of gain and th® screrage daily feed intake were significantly decreased. 
Increasing the proportion of inorganic phosphorus in the rations 
resulted in a significant linear increase in average dally gains and 
iB|)r0vea©nt in feed efficiency for tti® pigs fed these rations. 
As shown in fable 11, the breaking strength of the femurs of the 
pigs receiving steamed bonemesl was significsuitly higher than the average 
breaking strength of the femurs from pigs receiving either colloidal clay 
or dicalcium phosphate, However, there was no aignificant effect of 
steiuued bcsneaeal, colloidal clay or dicalcium phosphate on the weight, 
water content or fat content of the femars. Table 11 shows that as 
the level of plant phosphorus decreased in the ration there was a sig­
nificant linear increase in fat content of the water-free femurs. 
It was also noted that femurs from male pigs contained an average of 
33.4- per cent of water as coa^ ared with 29.8 per cent in femurs from 
female pigs, fhis difference was significant at the P « .01 level. 
There was a significant increase in the ash content of the feaurs 
from the pigs receiving colloidal clay as couipared with the pigs fed 
the other phosphorus suppleaients. 
There was no significant difference in the phosphorus content of 
the feaair ash resulting from any of the experiiaental phosphorus treatBsnts. 
iowever, as shown in fable 12, there waa a significantly higher phos­
phorus content in th® femr ash from pigs receivii^  no antibiotic, as 
collared witti tJiose from pigs receiving chlortetracycline. 
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fable 11. E::^ eriin©nt 593 • Summary of femur wight, breaking strength 
and water content of femrs, fat content of water-free 
feaurs and ash content of water-fr®©, fat-fre© feajrs 
Ration treatiwnt 
lo, 
pigs 
Fe»ir 
wt. 
iihs,) 
Breaking 
strength 
(lbs./ 
sa, in.) 
Mater 
m 
Pat 
(%) 
Ash 
content 
m 
No antibiotics 
5 rag. antibiotics 
36 
36 
216.5 
224,0 
1255 
1247 
31.8 
31,4 
24.8 
24.5 
57.5 
57.7 
Steaaed boneJBBeal 
Inorg. P. Plant P. 
O.ia® 0.32 
0.30 0,20 
Av. 
8 
8 
16 
228,7 
220.3 
224.5 
1304 
1366 
1335 
31,4 
30,9 
31.2 
24,4 
23.7 
24.0 
56.9 
58.5 
57.7 
Oicaloium ohosohate 
iioffit It P*, 
0.18 0,32 
0.30 0.20 
Av, 
8 
8 
16 
226.7 
a9.6 
223.1 
1299 
1250 
' 1274 
32,4 
33.9 
33,2 
24,2 
22.7 
23,4 
57.1 
56,9 
57.0 
Colloidal clay 
Inorg,, f, Pla^ at f,, 
0.18 0.32 
0.30 0.20 
Av. 
8 
8 
16 
229,5 
214.2 
221,8 
1170 
1172 
1171^  
31.1 
31.3 
31.2 
26.6 
24.0 
25.3 
58.2 
58.1 
58.2® 
0.18 0.32 
0.30 0.20 
24 
24 
228.3 
218.0 
1248 
1263 
31.6 
32.3 
25.1 
23,5 
57,4 
57,8 
Levels of olant P. 
0.50 
0.35 
0,20 
8 
8 
8 
203.6 
221,2 
218.6 
1187 
1268 
1245 
30.1 
31.8 
31.2 
27, ?c 
25,0 
23.6 
57.2 
57,4 
58.3 
Sex 
Barrows 
Jows 
36 
36 
220,4 
220,1 
1223 
1280 
33.4^  
29.8 
24.4 
24.9 
57,3 
57,9 
®^r cent of total ration 
"Effect of sources of phosphoms algniflcant at P • .05 or less 
L^inear effect of level of inorgsnio P. significant at P « .05 
or less 
"Average effect of sex significant at P » .01 or leas 
a 
The cheffllcsl determination of ealcim in the femur ash revealed that 
the ash from pigs receiving eolloidal clay was significantly higher in 
this element than was the ash froa the other pigs of the experii»nt. 
As shown in fable 12, the chemical analysis revealed no significant 
difference of ash caloium content due to antibiotic supplesaentation 
or sex. 
When the calcium content of the femr ash waa determined by flame 
e^ctrq>hotoiBetric analysis, it wag foxmd that feaur ash from pigs 
receiving dicalcium phosphate was aignificantly higher in this element 
than was that from femttrs of pigs receiving the other two phosphorus 
s'uppleii®nts. Also th© data (fable 12) dhows the femr ash from pigs 
receiving steamed bonemeal was significantly higher in calcium than waa 
that froBi pigs receiving colloidal clay. The only other significant 
difference in calcium content of feiaar ash by this laathod was the higher 
level of this element in femur ash froa male pigs as coii|)ared with that 
from females# 
A cojsparison of the two procedures for determining the calciusa 
content of th© fe*r ash revealed that a negative correlation existed* 
When the individual pig was considered as the experiirental unit, this 
correlation was significant at the P " ,05 level. When th® two pigs 
from the aame pen were considered m the ©xperiiiffintal unit the correlation 
was still negative, but was not statiatioally significant at this level. 
There was no significant difference in magnesium,content of femr 
ash of pigs due to treatment effect# However, the data (Table 12) 
show that the femur ash of aale pigs was significantly hi#er in 
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Tabl® 12. Experiment 593. Summary of phosphorus, calcium, potassium, 
magnesium and sodium content of femur ash 
P Ca iC» Mg ia 
Ration treatment Mo. 
pigs 
Choia. Spectro, 
anal. anal. 
(PPM^  
No antibiotics 
Antibiotic, 5 
36 
36 
18.9^  
18.6 
39.2 
33.5 
36.2 
36.0 
2.3 
2.6 
22.8 
23.6 
16.3 
16.1 
Steamed boneaeal 
0.18C 0.32 
0.30 0.20 
Av. 
i 
8 
16 
18#7 
18.9 
18.8 
36.9 
37.1 
37.0 
35.9 
35.9 
35.9 
2.3 
2.4 
2.4 
22.8 
23.2 
23.0 
16.2 
15.6 
15.9 
Dicalcimm ohosohate 
i»org, p,, ??.^t„p, 
0.18 0.32 
0.30 0.20 
Av. 
8 
8 
16 
19.0 
18.9 
18.9 
38.9 
36.9 
37.9 
36.5 
38.9 
37.7 
2.7 
3.0 
2.8 
22.6 
23.8 
23.2 
16.5 
15.9 
16.2 
Colloidal clay 
Inore. P». Plant p. 
0,18 0.32 
0.30 0.20 
Av. 
8 
8 
16 
18.7 
18.8 
18.8 
41.6 
41.5 
a.6<i 
33.5 
33.8 
33.6d 
1.9 
2.3 
2.id 
23.0 
23.0 
23.0 
17.2 
17.0 
17.1'i 
P», Rftn^ ,Pr 
0.18 0.32 
0.30 0.20 
24 
24 
18.8 
18.9 
39.1 
38.5 
35.3 
36.2 
2.3 
2.6 
22.8 
23.3 
16.6 
16.2 
Levels of nlant P. 
0.50 
0.35 
0.20 
8 
8 
8 
18.8 
18.6 
18.6 
38.9 
39.4 
38.1 
36.7 
37.8 
35.6 
2.6 
2.6 
2.5 
24.2 
22.4 
23.7 
16.2 
15.6 
15.8 
§M 
Barrcstrs 
Sows 
36 
36 
18.7 
18.9 
39.3 
38.3 
36.7® 
35.4 
— 25.2® 
21.2 
16.6 
15.8 
®Potassiiim values for male pigs oiily 
A^verage effect of antibiotic significant at P * .05 level 
®p0r cent of total ration 
%ff@ct of source of phosphorus significant at P » .05 level 
®Eff0ct of sex significant at P " .05 level 
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aagneaium content than was that from pigs of th© opposite sex. Swine 
receiving dicalcium phosphate had significantly higher le'^ 'els of potaasimm 
in their femar &&h than did pigs fed colloidal clay, is ^ own in Table 
12, there were no significant differences in the level of this element 
in femr ash due to including the antibiotic in the ration. Consistent, 
reproducible deterainations of potassium ware not possible for ash from 
the femurs of female pigs. 
The data (Table 12) show that sodium content of bone was fairly 
constant. However, femr ash from pigs r®3®iving colloidal clay was 
significantly higher in this element than femr ash froa pigs receiving 
the other two supplements. There was no significant effect of anti­
biotic supplementation or sex. 
As the fluorine content of the rations increased ther® was a 
corresponding increase in the fluorim content of the femir bones. The 
fluorine content of the rations and the femrs of pigs fed steamed 
bonemeal and dicalcium phosphate were similar. However, supplementation 
of th© ration with colloidal clay increased the fluorine content of 
both the rations and the feaaira of the pigs fed these rations. 
A significant linear increase in inorganic seram phosphorus was 
observed aa the aaount of phosphorus froa the plant sources was 
decreased from 0.5 to 0.2 per cent of the total ration and replaced by 
an equivalent amount of phosphorus from diealcium phosphate. There was 
no other significant effect of ration treatatent on serua inorganic phoig-
phorus. There was also a significant decrease of serum inorganic phos­
phate as the age of the pig iresreased. 
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Experliaents 605 and 605--A 
The data for grcwth, feed smd bone analysis, excluding calciiua, 
potassium, sodium and aiagmsiuin of femur ash are presented in Tables 
13 through 20. There were con.si<iera.ble insonsistencies in these response 
criteria from anijaals between experiiaents within treatment. Because of 
these inconsistencies, it was felt more desirable to pool the data for 
these criteria from experiments 605 and 605-A with that reported by 
Roberts (1953) for statistieal treatment, rather than to treat each as 
a separate entity. Therefore, the data from experiments 605 and 605-A 
will not be discussed separately in any gwat detail. 
However, weight gslns were fairly satisfactory. This was true even 
when levels of caloium and phosphorus were fed which were considered to 
be inadequate to proaote adequate growth response. While symptoms of 
skeletal abnormalities were evident in some instances, the experimental 
animals were generally thrifty. 
The incidence of skeletal abnormalities was not as severe quali­
tatively or quantitatively as ccmpared with the earlier findings of 
Roberta (1953). There were nineteen cases of stiffness recorded during 
esqseriTOnt 605, while the pigs in experii^ nt 605-A, conducted outside 
during the sumiror, were relatively free of external syaptoms of calcium 
and phosphorus deficiencies. Femoral fractures occurred in only one 
instance, this occurring during the winter experi®ent to an individual 
receiving a ration containing 0.3 and 0.2 per cent of calcium and 
phosphorus, respectively. This pig waa isolated, with no dietary 
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Table 13, E^ tperiments 605 and 605-A. Average daily gain® 
(lbs.) 
Weight at kill (lbs.) 
Ga-P 100 150 200 
content 
of ration Expt. : no. Exot. : no. , Exut. no. 
i%) 605 605A 605 605A 605 605A 
0,2-0.2 1.54 1.30 1.68 1.58 1.39 1.31 
0.3-0.2 1.10 1.29 1.15 1.57 1.76 1.13 
0 • * 2 0.98 1.25 1.60 1.43 1.57 1.36 
0,5-0.2 1.10 1.14 1.39 1.29 1.26 1,10 
0 * ^ -O • 2 1.44 1.29 1.12 1.58 1.12 1.36 
0.2.0.3 1.39 i.a 1.65 1.63 1.84 1.46 
0.3-0.3 1.34 1.51 1.30 1.73 1.86 1.55 
0»i4—0.3 1.46 1.21 1.44 1.46 1.80 1.65 
0.5-0.3 1.34 1.19 1.66 1.69 1.82 1.45 
0.6—0.3 1.52 1.30 1.64 1.48 1.95 1.46 
0.2«0,4 1.68 1.29 1.34 1.34 1.85 1.68 
0.3-0.4 1.27 1.16 1.61 1.32 1.93 1.25 
0.4—0.4 1.24 1.33 1.66 1.37 1.63 1.44 
0.5-0.4 1.65 1,26 1.28 1.48 1.64 1,44 
0.6"0.4 1.71 1.30 1.66 1.63® 1.67 1.29 
0.7-0.4 1.78 1.24 1.65 1.61 1.72 1.32 
0.8—0.4 1.57 1.41 1.61 1.68 1.70 1.46 
0.5-0.5 1.16 1.41 1.72 1.64 1.39 1.14 
0.6-0.5 1.46 1.25 1.88 1.55 1.49 1.76 
0.7-0.5 1.46 1.27 1.66 1.60 1.72 1.44 
0.8-0.5 1.48 1.44 1.47 1.66® 1.85 1.45 
0.6-0.6 1 ft 64 1.24 1.47 1.56 1,70 1.53 
0.7-0.6 1,73 1.30 1.54 1.43 1.60 1.46 
0,8-0.6 1.46 1.22 1.64® 1.47 1.69 1.71 
0.7-0.7 1.65 1.26 1.75 1.60 2.06 1.47 
Estimated values 
4.6 
Table U. Experiments 605 and 605-A. Weight of feimxra at time of 
reaoval of soft tissu©® 
(graw) 
wSght at kili''''^ l^ ^^  
Ga-P 100 150 200 
content 
of ration 
i%) 605 
no. 
605A 
iiXDt. 
605 
no. 
U5k 
Exut. 
605 
no. 
605A 
0.2-0.2 127.0 124.5 154.5 155.0 160.5 194.5 
0.3-0.2 126.0 113.0 189.0 175.0 177.0 253.5 
0.^ -0.2 102.5 127.5 144.5 U5.5 163.0 231.5 
0.5-0.2 127.0 118.5 174.0 157.0 218.0 1^ .0 
0.6-0.2 111.0 124.0 172.5 179.5 206.0 198.5 
0.2-0.3 115.5 129.0 157.0 161.0 192.5 194.0 
0.3-0.3 116.0 128.0 173.0 195.5 223.5 236.5 
0.4i—0.3 127.0 127.5 182.5 196.5 196.0 209.0 
0.5-0.3 123.0 130.0 159.5 161.5 190.5 218.5 
0.6-0.3 136.0 129.0 136.0 158.5 238.5 218.5 
0.2-0.4 145.0 113.0 157.5 158.0 213.5 176.0 
0.3-0.4 110.5 127.5 153.0 190.5 198.0 227.0 
0.4—0.4 130.5 145.0 188.0 187.5 241.0 235.5 
0.5-0.4 118.5 121.0 158.5 165.0^  234.0 219.0 
0.6—0.4 131.5 133.5 176.5 181.3° 204.0 230.5 
0. "7—0.4 126.5 118.5 158.5 177.0 198.5 202.5 
0.8-0.4 117.0 133.5 167.5 187.5 272.0 181.0 
0.5-0.5 131.0 138.0 201.0 171.5 181.0 211.0 
0.6-0.5 131.0 138.5 181.5 164.5 256.0 200.5 
0.7-0.5 125.5 148.5 173.0 163.0 230.0 258.5 
0.8-0.5 124.5 152.5 164.5 186.7^  221.5 238.0 
0.6-0.6 129.5 152.0 168.0 166.0 256.5 205.5 
0.7-0.6 135.5 136.0 184.5^  169.0 218.5 217.0 
0.8-0.6 134.0 134.5 183.8° 178.5 192.0 220.0 
0.7-0.7 110.0 126.5 166.5 190.5 201.5 218.5 
®®ach value is an average of two femra 
Estimated values 
A? 
Table 15. Experiii»nts 605 and ^ 05-A. Breaking strength of femrs® 
(lbs. per sq. in.) 
Weiffht at kill (lbs.) 
Ga-P 100 150 200 
content 
of ration Expt. : no. Sxpt. no. Expt. no. 
(%) 605 605A 605 605A 605 605A 
0.2-0.2 4.10 362 382 461 667 1174 
0.3-0.2 187 390 863 936 769 1278 
0. ^^ 0.2 236 560 600 634 750 1570 
0.5-0.2 232 322 617 1007 1086 1329 
0.^ —0.2 412 420 394 1083 916 1214 
0.2—0.3 440 441 596 828 1034 859 
0.3-0.3 398 556 864 982 1286 1066 
0.4-0.3 398 474 808 820 930 996 
0.5-0.3 639 638 870 972 1105 1417 
0.6-0.3 435 566 775 1002 1138 1375 
0.2-0.4 593 454 620 740 1141 775 
0.3-0.4 541 425 690 976 1107 922 
0.4—0.4 636 454 816 918 1192 1618 
0.5-0.4 757 439 516 872 1394 1328 
0.6-0.4 702 653 1072 581^  1288 1295 
0.7-0.4 654 628 993 1095 987 918 
0.8-0.4 646 736 1088 1045 1122 1214 
0.5-0.5 751 566 969 973 1054 1022 
0.6-0.5 696 772 1049 861 1350 1260 
0.7-0.5 722 646 1052 840^  1312 1512 
0.8-0.5 780 734 1118 765b 1348 1558 
0.6-0.6 684 862 976 1126 1234 1089 
0.7-0.6 689 790 981. 880 1305 1354 
0.8-0.6 648 666 1031° 976 1325 1586 
0.7-0.7 676 554 972 1168 1306 1392 
®Each value is an average of two feaurs 
E^stimated value 
Table 16. Experiments 605 and 605-A« Water content of ground femurs®-
(per cent) 
Veight at kill (ihs,) 
Ca-P 100 150 200 
content 
of ration Expt. no. Sxpt. no. Expt. no. 
(%) 605 605A 605 605A 605 605A 
0.2-0.2 52.8 52.0 44.3 42.8 28.1 33.2 
0.3-0.2 51.4 50.0 34.3 39.2 36.4 32.5 
O.A-0.2 51.2 52.4 41.8 41.6 41.6 31.4 
0.5-0.2 52.8 46.1 42.9 35.8 29.4 30.0 
0.6-0.2 51.0 41.3 42.6 36.7 30.9 30.7 
0.2-0.3 52.8 50.0 44.5 42.6 34.1 39.6 
0.3-0.3 50.3 47.0 37.5 41.2 38.5 33.3 
0.V0.3 54-6 46.6 40.0 40.0 33.4 32.6 
0.5-0.3 50.2 44«S 40.7 34.6 35.8 31.9 
0«6—0.3 49.6 45.6 40.4 37.9 37.0 28.9 
0.2-0.4 51.7 46.5 43.2 38.4 31.4 29.0 
0.3-0.4 49.0 41.4 46,6 38.0 35.3 31.6 
0.4-0.4 49.8 43.2 37.4 38.0 30.8 29.4 
0.5-0.4 45.3 46.9 37.1 35.8, 34.2 34.0 
0. ^"0.4 47.0 45.6 38.2 39.3^  35.2 30.1 
0.7-0.4 44.6 42.4 37.9 39.2 36.6 34.0 
O.e O^.4 43.7 41.3 39.1 37.6 35.2 31.4 
0.5-0.5 42.4 44.4 39.9 37.6 33.2 31.8 
0.6-0.5 49.0 41.4 40.6 40.8 32.0 34.8 
0.7-0.5 45.7 48.8 37.0 37.8^  33.8 32.9 
0.8-0.5 43.8 43.4 36.5 35.3® 34.6 33.0 
0.6-0.6 43.1 43.4 37.3 38.2 34.5 30.6 
0.7-0.6 47.6 45.0 37.2^  31.6 29.1 32.5 
0.8—0.6 49.4 42.6 37.3° 38.6 32.6 31.2 
0.7-0.7 47.0 44.6 35.2 34.8 34.8 31.5 
®Each value is an average of two femtirs 
E^stimated value 
table 17. Experiments 605 and 605-A- Pat content of watsr-frae bones®" 
(per cent) 
Weight at kill ^ Ibs.l 
Cn—F 100 150 200 
content 
of ration Exot. ] no. ISxpt. J ao. Exot. : no. 
W) 605 605A 605 605A 605 6051 
0.2-0.2 30.1 26.4 36.7 33.6 37.8 24.0 
0.3-0,2 33.2 23.2 36.1 32.4 33.0 28.2 
0.4-0.2 32.6 22.7 34.5 29.2 31.2 21.0 
0.5-0.2 29.4 27.4 32.8 28.4 39.1 30.0 
0* 6»0.2 31.2 26.4 35.6 32.0 38.8 31.0 
0.2-0.3 27.2 22.8 31.0 27.6 37.4 30.6 
0.3-0.3 28.2 24.8 33,8 27.5 27.8 35.7 
0.,4'"0.3 24.4 26.6 34.9 27.4 35.2 32.0 
0.5-0.3 24.6 26.0 31.1 30.8 27.6 31.2 
0.6-0.3 27.4 22.6 30.6 23.7 30.2 26.4 
0.2-0.4 27.9 27.2 32.4 31.2 33.7 26.0 
0.3-0.4 26.6 31.3 31.2 28.7 33.6 29.6 
0.4—0.4 25.3 27.4 36.6 28.1 36.0 24.8 
0.5-0.4 23.8 20.9 35.3 23.4^  27.5 23.9 
0.6-0.4 25.0 20.5 28.4 26.5° 27.8 26.6 
0.7-0.4 26.0 20.2 28.1 19.1 27.4 27.4 
0.8-0.4 24.6 24.0 24.2 23.7 30.6 30.9 
0.5-0.5 23.8 24.0 33.4 24.2 30.0 28.0 
0.6-0.5 22.0 26.4 25.8 22.4 26.8 28.2 
0.7-0.5 22.0 20.8 30.0 22.4. 29.4 27.2 
0.8-0.5 24.6 18.6 23.6 23.5® 27.5 20.4 
0.6-0.6 27.6 21.8 28.7 22.3 29.6 28.6 
0.7-0.6 20.0 21.0 27.6 27.7 32.8 25.4 
0.8-0.6 21.2 21.8 22.8^  24.1 28.6 25.6 
0.7-0.7 21.2 22.2 28.8 23.4 28.4 23.4 
E^aoh value ia an, severage of two feimirs 
Estimated value 
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fable 18. Experiments 605 and 605-A. Ash content of water-free, fat-
fr@e bones^  
(per cent) 
Weight at kill (lbs.) 
Ca-P 100 150 200 
content 
of ration Expt. : no. Exot. i no. Exot. no. 
( % )  605 605A 605 605A 605 605A 
0.2-0.2 51.8 43.8 50.4 42.0 56*0 56.8 
0.3-0.2 51.0 47.6 55.1 51.1 52*0 56.4 
0.4"0.2 44.0 44.2 52*2 49.0 56.3 57.7 
0.5-0.2 45*5 48*2 51*6 53.3 58.2 57.2 
0.6-0.2 47.2 54a 49*8 51.9 57*6 54*4 
0.2-0.3 47.8 46.8 51.7 50*2 56.8 52.0 
0.3-0.3 48.4 48.8 55.9 53.2 59.0 53.6 
0*4^ 0.3 48.6 47.2 53.6 52.4 57.8 55.0 
0.5-0.3 51.6 50.0 55.7 51.8 57.9 55.4 
0.6-0.3 48.6 50*6 55.6 54.0 57.8 57.8 
0.2—0 50.2 50.3 52.5 51.6 59.6 56.2 
0.3-0.^  50.1 48*6 53.6 51.4 57.5 56.2 
0.4""0«'4 51.8 51.6 54.4 53.2 59*4 58.6 
0.5-0.4 56.0 50.3 54.6 57.0, 61.0 57.3 
0.6>*0.4' 54.6 50*5 58*2 53.8° 59.5 57.3 
0.7-0.4 55.6 50.2 59*3 55.0 59.1 54.4 
0.8-0.4 57.3 52.9 58*8 54.2 59.6 56.3 
0.5-0.5 56.5 51.0 55.7 54.6 60.4 56.4 
0.6—0•5 54.2 52.0 56*0 57.6 61.8 60.1 
0*7-0.5 55.6 48.4 59.1 55.2 59.9 57.5 
0.8-0.5 56.9 52.1 60*8 57.9b 59.0 52.0 
0.^ 0.6 56.4 53.0 59.0 55.4 60.0 57.2 
0.7-0.6 56.0 51*5 58.8^  57.3 62.0 57.4 
0.8-0.6 54.4 52.3 58*9® 54.5 59.6 52.0 
0.7-0.7 55.4 50.8 60.4 54.3 58.8 57.8 
E^acii value Is an average of two femurs 
E^stimated values 
51 
Table 19« Experiments 605 and 605~A. Phosphorus content of femur ash®-
(per cent) 
Weight at^ J.1 (lbs.) 
Ca^ P 100 150 200 
content 
of ration Exi)t. no* E,xpt. • no. EXDt. no. 
{%) 605 605A 605 605A 605 605A 
0«2-0.2 17.9 16.6 17.9 19.0 18,4 18,6 
0.3-0.2 17.6 18.7 17.8 19,1 18.4 17.8 
0«4'"0 • 2 17.3 18,3 17.6 18.4 18.0 18.2 
0.5-0.2 17.4 17.9 18.2 17,8 17.6 18.2 
0.6-0.2 18.2 19.8 18.4 19*0 17.3 18.2 
0.2—0*3 18.3 17.2 18.3 20,6 18,2 18,2 
0,3-0.3 18.5 17.4 17.6 19.4 17,8 18,4 
0.4-0.3 17.9 17.9 17.5 20,0 17.6 18,6 
0.5-0.3 18.0 17.2 18.2 18.7 17.4 18,2 
0.6~0.3 18.0 17.4 17.5 19.2 17,2 18,1 
0.2-0.4 18.1 18.1 17.6 18.6 18,0 18.0 
0.3-0.4 18.2 17.2 18.2 19.6 18.3 18.4 
0.4—0.4 18.2 18.5 17.4 20.4 17,4 18.3 
0.5-0.4 18.0 18.1 17.4 18.6 18,2 18.2 
0.6-0.4 18,0 18.4 18.5 17,1® 18,6 18,0 
0.7-0.4 17.9 18.0 17,7 19.2 18,2 18.2 
0.8-0.4 18.0 18.2 17.6 19,6 18.8 18,1 
0.5-0.5 18.2 18.5 17.6 17.7 17,8 18,4 
0.6-0.5 18.4 17.6 18.0 17.8 18,3 18,2 
0.7-0.5 17,6 18.1 17.5 18.2^  17,9 17,8 
0.8-0.5 18.3 17.4 18,3 18.5® 17,8 17,8 
0.6-0.6 18.0 17.5 17.5 19.4 17,8 18,2 
0.7-0.6 18.3 17*6 18.0, 20.2 18,4 18.4 
0,8-0.6 18.4 18.2 18,3° 18.6 18.5 18.3 
0.7-0.7 18,1 18.3 17.8 20.7 17.8 18.3 
E^ach value is the average of two femurs 
E^stimated value 
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Table 20. Sxperin«nts 605 and Swrnry of feed required per 
pound of gain 
(lbs.) 
Ga-P 
content 
of ration OcperimBirt 
i%) 605 605A 
0.2-0.2 2.61 2.94 
0.3-0.2 2.62 3.14 
0.4-0.2 2.61 3.15 
0.5-0.2 2.85 3.18 
0.6-0.2 2.86 3.06 
0.2-0.3 2.73 2.79 
0.3-0.3 2.76 2.72 
0.4-0.3 2.75 2.89 
0.5-0.3 2.76 2.92 
0.6-0.3 2.65 3.15 
0.2-0.4 2.78 2.91 
0.3-0.4 2.64 3.27 
0. 4^ 0.4 2.55 2.92 
0.5-0.4 2.94 3.04 
0.6—0.4 2.79 2.97® 
0.7-0.4 2.82 2.92 
0.8-0.4 2.'79 3.00 
0.5-0.5 2.82 3.42 
0.6-0.5 2.76 3.01 
0.7-0.5 2.77 3.13 
0.8-0.5 2.79 3.04® 
0.6-0.6 2.67 3.14 
0.7-0.6 2.85 3.10 
0.8-0.6 3.06® 2.96 
0.7-0.7 2.76 3.22 
•^EstiBiated values 
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change, and coraplet® healing of both femoral fractures occurred. The 
radiographs of th@ isolated femurs fros this pig are shown in B'igureg 
6 and 7. 
Radiographs were taken when an individual expressed outward sytJ^  
toras of possible skeletal abnoriaalities. While there was only one 
instance of femoral fracture discofered th@r© were noticeable charges 
in ffiany of the femurs* Tj'pical of these are the fewurs shown in Figure 
8. These feaurs were ta-k®n from an aniiaal which received 0*6 and 0.3 
per cent calcium and phosphorus, respectively. The radiograph indicates 
that f«ttura were coapacted, the femur necks were thickened and the left 
foreshortened, as oosapared with the right. These femurs are not 
fractured. 
The flame spectrophotometric deterninatlons of oalcium, sodium, 
magnasium and potaesium were conducted only upon femar ash from pigs in 
experifflents 605 and 605-A, These data ar® presented in Tables 21 through 
24. Since similar data were not available from the studies of Roberts 
{1953), an analysis of variai»e was conducted upon the results of the 
flam® spectrophotoaetric analysis, according to the plan in Table 30 of 
the appendix. There was no significant difference in calGium, sodium or 
aagnesium content demonstrated in any of the feswr ash. Potassium be­
came significantly lower as the pigs becaae hewier. There was no other 
aignificauat effect upon potassiua content of the ash. 
Individual statistical analysis was not conducted of the data for 
the other evaluating criteria of ©xperiicents 605 and 605-i. An exam­
ination of the data in Tables 14 through 18 ^ ows that variation in 
Figure 6. Radiograph of left feimr of pig wiiich received 0,3 and 0.2 
per cent of caloiua phosphoras 

Figure 7. Radiograph of right fenur from pig vhioh received 0.3 and 0.2 
per cent of caleium and phosphorus 

Figure 8. Femrs from pig which reeeifed 0,6 and 0.3 per cent of 
calciua and phosphorus 
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Table 21, Calcium content of femr ash^  
(per cent) 
P in 
ration 
Wt, at 
kill Ga in ration (%) 
» 
(%) (lbs.) 0,2 0.3 0.4 0.5 0.6 0.7 0.8 
0.2 100 
150 
200 
34.3 
35.7 
35.1 
34.2 
36.9 
36.2 
35.1 
35.7 
34.3 
36,0 
33.9 
35.0 
34.8 
37.9 
37.7 
0.3 100 
150 
200 
33.8 
34.4 
34.4 
33.3 
34.6 
37.2 
32.8 
34.6 
35.6 
33.2 
34.4 
37.6 
34.0 
33.8 
35.1 
0,A 100 
150 
200 
33.1 
33.4 
37.2 
33.2 
35.7 
35.3 
33.7 
34.3 
36.0 
33.0 
35.4 
36.0 
33.1 
35.6 
34.7 
36.2 
36.4 
33.1 
36.0 
35.0 
0,5 100 
150 
200 
35.2 
34.4 
35.2 
33.0 
34.6 
37.2 
33.4 
36.5 
36.8 
35.0 
33.6 
36.0 
0.6 100 
150 
200 
33.0 
34.3 
35.4 
33.6 
36.8 
35.0 
33.0 
36.3 
35.8 
0.7 100 
150 
200 
35.4 
37.4 
36.0 
•^Average of experiments 605 Mid 6051 
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Table 22, Potassimn content of femr ash® 
(p.p.m.) 
P in 
ration 
i%) 
Wt. at 
kill 
(lbs.) 0.2 0.3 
Ca in ration (^ ) 
0.4. 0.5 0.6 0.7 0.8 
0,2 100 4-.8 5.2 5.2 5.5 5.4 
150 3.6 2.8 3.0 4.2 4.0 
200 2.2 3.2 3.3 3.0 2.0 
0.3 100 4.6 5.6 4.6 5.0 4.0 
150 4.4 4.0 3.9 3.7 4.0 
200 3.2 2.0 2.7 2.4 2.4 
0.4 100 5.2 4.0 3.8 3.4 3.8 3.8 4.9 
150 3.4 4.1 3.4 3.8 3.0 2.7 3.2 
200 2.4 2.8 2.2 2.2 2.2 2.0 3.2 
0.5 100 3.1 4.2 3.5 4.4 
150 3.4 3.4 2.4 3.4 
200 2.2 l.S 2.8 2.6 
0,6 100 4.1 4.0 5.0 
150 3.0 2.6 3.2 
200 2.7 2.5 2.8 
0.7 100 3.6 
150 2.8 
200 2.0 
•^Average of experiments 605 and. 605-A 
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Table 23. Magnesium content of femr agh^  
(p.p.m.) 
P in Wt. at 
ration kill Ca in ration {%) 
i%) (lbs.) 0.2 0.3 0.4 0.5 0.6 0 ,7 0.8 
0.2 100 18.8 17.6 17.4 18 8 18 8 
150 18.0 18.6 18.8 18 2 19 4 
200 17.2 17.8 18.5 17 2 U 4 
0.3 100 19.1 18.2 18.8 18 2 18 8 
150 18.3 18.2 18.2 18 0 18 6 
200 17.2 18.9 18.0 18 6 18 0 
0.4 100 18.8 18.8 18.8 18 8 19 4 18 2 17.6 
150 18.6 18.0 18.6 18 6 17 2 18 2 18.0 
200 18.6 17.2 17.5 17 8 16 6 17 2 17.5 
0.5 100 18 8 17 4 17 6 19.4 
150 19 1 18 3 19 1 18.8 
200 17 8 16 6 17 1 17.8 
0.6 100 17 6 18 2 17.6 
150 18 8 17 1 17.4 
200 18 0 17 2 17.0 
0.7 100 18 8 
150 17 5 
200 17 8 
Average of experiments 605 and 605-4 
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Table 24. Sodium content of femur ash® 
(p.p.».) 
P in 
ration 
Wt. at 
kill Ca in ration 
m (lbs.) 0*2 0.3 0.4 0.5 0.6 0.7 0.8 
0,2 100 
150 
200 
20.2 
18.4 
18.4 
18.6 
17.2 
19.6 
20.4 
18.0 
20.0 
20.4 
17.4 
18.6 
21.2 
15.6 
15.4 
0.3 100 
150 
200 
19.2 
18.5 
17.4 
19.8 
18.0 
17.8 
19.2 
19.3 
18.5 
20.2 
17.8 
l6.0 
19.1 
17.4 
18,6 
ou 100 
150 
200 
20.8 
16.4 
17.8 
19.1 
19.2 
18.2 
18.4 
15.9 
17.6 
17.2 
18.0 
17.8 
18.2 
19.2 
i7.a 
17.2 
19.6 
17.2 
18.5 
17.4 
19.2 
0.5 100 
150 
200 
19.1 
17.2 
17.4 
17.0 
18.5 
18.2 
18.0 
17.2 
16.3 
18.8 
16,6 
16,3 
0.6 100 
150 
200 
17.0 
16.0 
16.9 
16.8 
18.5 
17.6 
20.4 
17.6 
18.2 
0.7 100 
150 
200 
19.8 
17.4 
18.0 
-^Average of experiiaents 605 aM 605~A 
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these aeasures, associated with variation in the phosphorus and calcium 
content of the diet, was essentially the same as when these data were 
pooled with that of Roberts (1953). Therefore, to eliminate repitition, 
discussion of these will be postponed until the pooled data are presented. 
The antmals in each lot were group fed, making an accurate i^ asure 
of the feed GQUmmption of each indiiridttal animal ijEpossible, Feed 
efficiency (Table 20) was therefore coi^ uted using the lot as the 
eatperifflental tmit. There were no ^ parent consistent trends in variations 
of feed ©fficiency which could be associated with changes in the dietary 
levels of calciuiB and phosphorus. The majority of the groups exhibited 
satisfactory efficiency of feed utilization, 
Seasonal differences 
As shown by the analysis of variance in Table 28, significant 
differences oecuwed in average daily gain only from weaning to 100 
pounds of body weight, in examination of the data (Table 25) reveala 
this difference to be inconsistent, with an apparent tendency to 
disappear as the dietary levels of calcium and phosphorus increase. 
There was no consistent trend in rate of gain within seasons within 
the two larger weight groups. 
Hwever, the data in Table 26 and Table 27 show differences in 
breaking strength and ash content of bone between season that were 
statistically significant in all but one instance (Table 2B). Breakir^  
strength of the femurs was significantly higher during the summer 
for the 150 and 200 pound pigs. There was no significant difference 
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Table 25. Summary of average dailj gains by seasons® 
(pounds) 
Weight at kill (lbs.5 
Ga-P 100 150 200 
content 
of ration Season Season Season 
(%) Siumer® Winter^  Summer® Winter^  Sunmer® Winter'^  
0.2-0.2 1.34 1.44 1.57 1.34 1.42 1.43 
0.3-0.2 1.22 1.06 1.52 1.12 1.43 1.34 
0» 4'—0.2 1.36 0.91 1.22 1.32 1.38 1.46 
0.5-0.2 1.16 1.10 1.38 1.48 1.15 1.31 
0,6-0.2 1.24 1.13 1.46 1.22 1.40 1.14 
0.2-0.3 1.41 1.31 1.50 1.70 1.62 1.90 
0.3-0.3 1.48 1.23 1.79 1.30 1.67 1.68 
0.4-0.3 1.42 1.28 1.52 1.36 1.69 1.62 
0.5-0.3 1.34 1.01 1,68 1.34 1.53 1.48 
0 * ^ —0.3 1.44 1.38 1.50 1.58 1.56 1.56 
0.2-0.4 1.39 1.43 1.32 1,38 1.58 1.76 
0.3-0.4 1.28 1.47 1.24 1.72 1.40 1.90 
0.4-0.4 1.60 1.26 1.48 1,66 1.47 1.64 
0.5—0« 1.52 1.44 1.60 1.66 1.56 1.70 
0.6-0.4 1.'44 1.63 1.54 1.74 1.56 1.64 
0.7-0.4 1.54 1.60 1.66 1.49 1.5a 1.70 
0.8—0.4 1.47 1.30 1.67 1.56 1.63 1.71 
0.5-0.5 1.62 1.35 1.55 1.85 1.42 1.56 
0.6-0,5 1.54 1.38 1.62 1.82 1.7G 1.34 
0.7-0.5 1.48 1.46 1.61 1.80 1.55 1.75 
0.8-0.5 1.52 1.51 1.65 1.68 1.76 1.58 
0.6-0.6 1.51 1.67 1.54 l.U 1.59 1.52 
0.7-0.6 1.62 1.52 1.55 1.58 1.65 1.52 
0.8-0.6 1.58 1.42 1.59 1.68 1.64 1.72 
0.7-0.7 1.42 1.58 1.54 1.84 1.66 1.78 
®'Ea,eh value is an average of experironts 605-A and 557-1 
%aoh value is an average of experifflents 605 and 557-2 
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fatal® 26. Sutsmarj of ash content of femrs by seasons 
(per eent) 
Welidit at kill (lbs.) 
Ga-i* 100 150 200 
content 
of ration Season Season Season 
i%) Sttaaer^  ' Wlnfer^  iumaer^ '" Winter" 
0. * 2 44.2 48.0 44.2 47.0 51.9 54.4 
0.3-0.2 44.3 47.0 49.8 51.6 53.5 53.0 
0.4-0,2 43.8 42.2 48.8 50.8 53.8 55.2 
0.5-0.2 47.8 43.8 53.2 51.5 57.6 55.6 
0.6-0.2 54.0 45.2 55.3 50.3 56.8 56,5 
0.2—0.3 47.4 48.1 51.6 52.2 54.4 54.4 
0.3-0.3 46.0 46.5 51.8 54.3 52.9 57.0 
0.4-0.3 45.5 46.5 51.3 51.0 55.3 56.0 
0.5-0.3 47.6 46.0 52.0 51.3 54.8 56.0 
0.6-0.3 47.8 47.6 51.9 53.4 56.6 57.5 
0.2-0.4 50.6 48.2 51.6 52.0 55.9 55.6 
0.3-0.4 51.0 47.4 54.2 53.7 56.0 58.4 
0.4-0.4 49.6 51.4 53.2 54.4 57.5 60.2 
0.5-0,4 47.5 53.2 55.1 !54.0 56.4 60.2 
0.6—0.4 50.2 52.4 53.8 55.2 56.2 60.5 
0.7-0.4 49.5 49.3 54.8 57.5 55.7 59.0 
0.8-0.4 50.4 51.6 53.8 58.8 56.6 58.4 
0.5-0.5 47.4 55.2 54.6 56.2 56.4 60.8 
0.6-0.5 49.8 55.6 55.4 57.6 58.4 61.8 
0.7-0.5 48.1 55.7 55.6 57.4 57.7 60.2 
0.8-0.5 50.7 55.9 57.4 59.8 53.3 60.6 
0.6—0•6 50.2 56.1 55.6 58.0 57.8 60.8 
0.7-0,6 49.4 56.2 56.6 58.6 57.0 62.6 
0.8-0.6 49.2 56.0 54.7 59.6 54.9 60.4 
0.7-0.7 49.4 55.9 54.0 58.0 58.0 59.4 
®Each Tal'ue is an average of ecsqjerifflents 605-A and 557-1 
%ach valu® is an average of ©xperisjents 605 sM 557-2 
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Table 27. Summary of breakiog strength of femurs by seasons 
(lbs. per sq. in.) 
' ' tfelght at kill (Ibg. ) 
Ca-P 100 150 200 
content 
of ration Season Season Seaaon 
(;!) Summer**"''' vEnler 3ttiroer^ '''"'¥lnter^ ' Sumner^  Winter 
0.2-0.2 430 371 550 317 1125 727 
0.3-0.2 306 168 794 666 996 716 
0,4^ 0.2 431 uo 609 558 1074 810 
0.5-0*2 320 321 800 774 1178 1208 
0.6-0.2 288 350 1042 601 1123 1053 
0,^ -0.3 481 522 772 788 816 983 
0.3-0.3 533 297 885 814 985 1098 
0.V0.3 529 297 890 712 1070 778 
0.5-0.3 614 338 953 773 1330 970 
0*6-0.3 569 438 913 726 1254 1104 
0.2-0.4 474 476 741 750 812 1160 
0.3-0.4 562 516 937 826 925 1086 
0.4—0.4 516 588 954 918 1326 1280 
0.5-0.4 500 692 84S 719 1322 1220 
0.6-0,4 690 536 862 924 1235 1182 
0.7-0.4 637 671 904 804 1123 1035 
0.8-0.4 688 594 1071 1042 1256 1182 
0.5-0.5 557 726 10^ 6 1044 1169 1105 
0.6-0.5 690 766 941 1084 1325 1265 
0.7-0.5 683 693 1038 1086 1476 1296 
0.8-0.5 758 845 1046 1100 1332 1363 
0.6-0.6 775 720 1009 968 1335 1330 
0.7-0.6 736 775 969 988 1323 1262 
0.8-0.6 551 804 1125 1032 1592 1306 
0.7-0.7 584 707 1092 954 1336 1102 
®Each value is an ftverage of exp©rlii®nts -'S05-A and 557-1 
E^ach value is an average of experiments 605 'tnd 557-2 
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in breaking strength of famra from the 100 pound pigs attributable to 
season. Ash content, on the other hani^  was significantly higher for 
all weight groaps during the winter. 
Fooled average results of experiaentg 605. 605'.A. 557-1 and 557--2 
The validity of pooling data froa these four experiments was 
discussed earlier. The data pooled included acverage daily gain, femur 
weight at time of removal of soft tissue, breaking strength of feiaiurs, 
water content of ground feawrs, fat content of water-free feiaurs, ash 
eontsnt of water-free, fat-fre@ femurs, phosphorus content of bone ash 
and feed required per pound of gain, fhe suffii»ri®3 of these pooled 
data are presented in Tables 31 through 38 of the aiapendix. 
Th© pooled data for average daily gain, breaking strength of femurs 
and ash content when analysed statistisally according to the plan in 
Table 28 rwealed no interaction between ration treatMant and season 
effect i^ on the results obtained. In lieu of this, these data from th© 
four e3{periMnts could b© considered as replications in th® subsequent 
ottiltiple regression analysis, conducted to deteraine the relation of 
th®se three criteria to the dietaa^  levels of calcium and phosphorus. 
A total of nine equations were coaputed, one for each of th® three 
response criteria, for each of the three weight groups. The constants 
obtained in fitting the regression equation to the nine sets of data are 
shown in Tables 39 through 42. The regression aquation was in turn 
used to compute predicted -v^ alues for the three criteria of response at 
each of the three weight groups. These predicted values are given in 
Tables 43, 44 and 45. 
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irai© multiple eorr«lation co«fficients (R) are Aofcra in Table 39. 
Each of the correlation eoeffioients were significant at th® P • .01 
level, all exceeding 0.8 four exceeding 0.9. This indicates an 
exoellsnt relationship between the dependent and iraiependent variables. 
Th® values of t for tests of significance of the partial regression 
coefficients ar© presented in Table 47. With one exception, there were 
significant or highly significant valaes for phosphorus within each 
criterion and weight group studied, iMicating phosphorus exerted an 
effect upon the variations in •&© ©valuating criteria as they w^ re 
associated with the dietarj levels of calcium and phosphorus. The m^ or-
ity of significant values for ealcluia occurred within the heaviest weight 
group, ifflplying that calcium had fflor® effect upon the results obtained 
in ttie heavier weight groups as co^ ar®d with th© lighter weight group. 
Femur waight can be considered a function of body weight, and was 
so demonstrated. How0ver, there was also a highly significant variation 
as the w@i#it of the femurs associated with ration treatment. In the 
absence of a multiple regression analysis, it was not possible to define 
which of the elements expressed' the aost influence upon, this criterion. 
However, feimir wei^ t was positively effected as calcium was increased 
across levels of dietary phosphorus of 0.2 through 0.5 per cent. The 
same trend was spparent when phosphorus levels were increased across all 
calcium levels up through 0.6 per cent. 
There was a significant decrease in water content of the femurs 
with age. A highly significant effect of ration treatment also occurred. 
The data (Table 34.) indicated that when calcium was increased across 
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dietary phosphorus levels of 0.2, 0.3, 0.4 and 0.5 per cent, it was 
accompanied by a lowering of the water oontsnt in th© fewars, i siiailar 
response did not sppear so pronounced as the level of phosphorus was 
increased at the different leirels of calcium. 
The fat content of the femirs decreased significantly with age and 
treata^ nt. The data Aow in Table 35 that as the levels of phosphorus 
ar® increased in th© diet on all levels of calciim, there was a resultant 
lower fat content of the femrs. When phosphorus was furnished at levels 
of 0.4, 0.5 and 0.6 per cent, the fat content appeared to decrease aa 
the dietary calciua level increased. 
There were no significant differences in phosphorus content of 
femur ash attributable to replication, weight group or ration treatment. 
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M3G tJSSIOK 
Experiiaent 593 
The perfoHBance of the pigs reeelvlag all-plant phosphorus rations 
was progressively i^ rosred as the content of phosphorus from plant 
sources was decreased and replaced by m equivalent amount of phosphorus 
from dicalciuffi phosphate, this is presented graphically in Figures 9 and 
10. How@v@r, it ia emphasized that such alteration in the proportionate 
amounts contributed from the two kinds of phosphorus had no significant 
effect on ash or phosphorus content of femirs or on breaking strength of 
the femurs. In earlier studies. Hart et al. (1909) reported that wheat 
brsn could serve as the main soarc® of dietary phoaphorus for the skeletal 
dewelc^ Bssnt of growing swine, whil© Forbes (1914) coaparsd phytin 
phosphorus to inorganic phosphorus and reported decreased rat© of gain, 
feed efficiency and femr ash content when the phytin phosphorus was the 
only available sourco of phosphorus. The current data are in partial 
agreement with the latter in that there was a significantly decreased 
rate of gain and feed efficiency when the phosphorus was si^ plied entirely 
by plant sources. When the same levels of phosphorus from the different 
phosphorus supplements were fed, no significant correlation between blood 
serum inorganic phosphorus and experimental ration treatment could be 
do»onstrated. This is in agreemsnt with Bohstedt and coworkers (1926). 
However, there was a significant linear incr®aa® in th© serua inorganic 
phosphorus lefrels when the proportion of inorganic phosphorus to plant 
Figure 9. Experii»nt 593. Average dailj gain and feed efficiency, 
25 - 100 pounds 
/ 
Figure 10. Experiment 593. Average daily gain and feed efficiency, 
25 - 200 pounds 
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phosphtJTus inoreased, Tfa©'se results show that the pig cannot utilize 
phosphorus from plant sources as well as that froa dicaleium phosphate, 
Ectoerts (1953) suggested that for a wirgin of safety, phosphorus 
Iwels slightly in exoess of those reoojamended by the Mational Research 
Gouneil should be used in growing-finishing swine rations which contain 
ehlortetraoycline. It has been reported Linblad et a^ . (1952) that 
chlortetracycline enhanced phosphorus utilization in poultry. This 
antibiotic did produce a lower aean itrerage for breakii^  strength and 
per cent of phosphorus in femur ash. Ihe differ ernes were not statis­
tically significant, however, and were not of sufficient magnitude to be 
considered conclusive. Chlortetracycline had no statistically significant 
effect upon bone ash or phosphorus content of blood serum of the growing-
finishii^  pig. More definite differences would be i»eded before it 
could be concluded that the antibiotic hsd an effect upon phosphorus 
asetabolism in the growing pig. 
Itoe re^ oraes of the pigs in this experiment were essentially the 
saae when steamed boneawal or dicalciua phosphate provided all of the 
phosphowis in the rations as measured by daily gain, daily feed intake and 
feed per KXJ pound of gain, fhis is in agreewent with observations aade 
by Mitchell et (1937). the results of feedii^  tbe ghree different 
kinds of phosphate suppleaenta to the pigs were in agreement with Gobble 
and Miller (1953) and Gobble jt a|. (1954) for phosphorus cont®at of 
bone a^ . However, contrary to the results of the tests reported herein, 
I 
the latter workers reported no significant effect on the rate of gain, 
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feed efficiency or femix bone ash eontent when colloidal phosphate was 
fed. The decreased rate of gsdn and f@®d efficiency (Figures 11 and 12) 
©xpressed by the pigs reoeivii^  colloidal clay as compared with tiios® fed 
dicalciua phosphate or steaaed bo»ia®al was statistically significant as 
was the decreased breaking strength aM femr ash content shown in 
Figures 13 and 14, The type of phosphorus supplement exerted no sig­
nificant effect on blood serum inorganic phosphorus. 
There was no significant difference in phosphorus content of femurs 
from pigs fed the thre® phosphorus suppleaents. There also was a 
iBftiQr fold increaae in fluorine content of the femrs, accoi^ anied by the 
apparent calcification of the ai&trix in the posterior portions of the 
aedullajry cavity at the femirs of swine reeeiiring colloidal clay. This 
suggests that the decreased breakir^  strength and increased ash content 
aiay be the result of structural or physical changes in the crystals of 
hydroxyapatite or bone ffiineral. Mitchell sM Ma»n (1952), in their 
review, state that the grov;ii^  pig can tolerate 0.014- per cent fluorine 
from rock phosphate in the dry matter consumed. Figure 15 shows that 
the average fluorine in the ration, for the two levels of colloidal clay 
fed, were 0.025 and 0.045 per cent, respectively. These data are in 
contrast to airewsbury and festal (1945) who could not relate their 
results with the dietary level of fluorine. They ar® not necessarily 
in disagreeaent with Gobble and Miller (1953) ^ nd Gobble, ffllller and 
Sherritt (1954), who stated they observed no gross sy!S|)toitts of fluorosis. 
Such gross sysptoms would not be expected to express themselves in a 
short term feeding trial. However, in view of the considerations 
Figure 11. SxperiJaent $93. Average daily gain aad feed efficiency for 
pigs r@cei¥ii3g ste«#d bon®iwal, colloidal olay and dicaloiu® 
phosphate, 25 - 100 pounds 
Figure 12. Experimaat 593. Average daily gain and feed efficiency for 
pigs receiving steswed bowaeal, colloidal clay and dicalcium 
phosphate, 25 - 200 pouais 
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Figure 13. Ixperiment 593. Ash contsat of wter-freo- fat-free f®iKirs 
Figure 14.. Experiasnt 593. Breaking strength of feiBurs 
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herein, a potential fluorine toxicological hazard is in the realm of 
possibility. On© may suggest that if colloidal clay is to be used as a 
phosphate source for the pig, consideration be given to the question of 
what constitutes the jmaximit amount that my be saf@ly added to rations 
for growii^ -finishing swin©. 
The results from analyzing the femr ash for calcium, potassium, 
sodiuai and magneaiun are not entirely ecsplicable. The negative cor­
relation existing between the two B»thods for calciua detersiination was 
investigated further in an atteB|>t to deterfflin© the causative effect. 
The differences of the cheMcal sdnus the flame sp@ctrophoto»etric 
determinations are plotted in Figure 16. It appeared that the primiple 
reason for the negative correlation might be attributed to tiae analysis 
of the feMir ash froia the pigs receiving the colloidal clay. The chem­
ical deteradnations for these bones were consistently higher than for the 
resaainder of the feffiurs. The reverse was true in the case of the spectro-
photoBietric deterrainations. 
The very origin of the colloidal clay woiild make it very likely 
to contain other elements. As pointed out Duckworth and Hill (1953) 
skeletal tissue possesses an affinity for the retention of elements not 
considered necessary for jaetabolic and structural functions of bone 
tissue, if they are present in the diet. In light of tMs information 
and the knowledge that different eleaients may enhance or suppress the 
characteristic spectral eimaission of an ele»nt, it appears highly feas­
ible to think that the colloidal clay contained such an eleiE^ ntCs) to 
exert this effect. 
Flgttre 16. Is^ eriMnt 593. Deiriatioas between chemical aM flsae sp«etrophotoMtrie 
analysis for cslcium eontent of tmexr ash 
(D®?^ latioii ® ehemical-spectropliotoaetriG) 
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Experiments 605 and 605-<A 
The incidence of skeletal abnormalities was greatly decreased in 
these two experiments as cofipared with the coincidental ones reported 
by Roberts (1953). With very few exceptions, the average amount of feed 
needed per pound of gain in these experirents was less than that reported 
in the earlier studies. This would indicate an apparent better utili­
zation of phosphorus and calcium by pigs in experi!»nts 605 and 605-A, 
as compared with those reported on by Roberts (1953). 
Aside from individual variations in animal response, there are only 
two suggestions offered as possible explanations for the divergence of 
results. The major dietary difference between the two sets of experiments 
was the use of brewers* grits when low~pho8phorus rations were used in 
experlBKjnts 605 and 605-A instead of pearled corn starch as used by 
Roberts (1953). It may be possible that brewers' grits provided nutri­
tional factors not afforded to the animals by pearled corn starch. The 
other factor that might have a bearing on the differences of aniinal 
response is the pre-experimental nutritional history of the experimental 
animals. Quite often overlooked is the effect such factors might have 
when attempting to define the requirerent of a species for a given 
nutrient. 
The flame spectrophotoiaetric detenuination of calcium, potassium, 
sodium and magnesium of the feimr ash from pigs in experiments 605 and 
605-A revealed no significant differences except for a decrease of 
potassium with age. Similar data were not available from Roberts (1953) 
for conparison. 
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All other criteria of response are considered in combination with 
those of Roberts (1953). 
Pooled Average Eesults of Ixperiiasnts 605, 6o5-A, 557-1 and 557-2 
Statistical analTOis 
It was desired to determine if th©3?e was a response criterion ^ ich 
* 
wc»M provide .an accurate estiaate of the adequacy of th® di©tarj level 
of caloittffi and phosphorus for the growl»^  pig, without performii^  a 
detailed, coaplicated analysis of body tissue# It is also spparent 
that stsoidard chendcal analysis will not adequately describe alterations 
which may occur in osseous tissue, therefore, the merage daily gain, 
breaking strength of femrs and ash content of the femurs ware related 
to the levels of dietary calcium and phosphorus by a multiple regression 
procedure. All of the pooled data were subjected to an analysis of 
variance according to the plans in Tables 28 and 29. 
Seasonal effect was statistically significant for average daily gain 
only at the 100 pound weight. However, th© fact that there was an in­
crease in breaking strength during the suMer, significant at the 
P « .01 level, as well as a highly significant imreaae in fmur ash 
during the winter, might possibly indicate that sunlight furnished a 
factor(s) which enhanced calcium and phosphorus utilisation other than 
irradiation of provitaain D in the aniaials' akin. This is not in accor­
dance with Loeffel (1931) vjho stated that direct sunlight or cod liver 
oil was equally effective in increasing ash content or breaking strength 
of bones from growing swiiw. 
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Sine® th© chemical amlyaes of the feswr ash in experiments 605 
Slid 605-A revealed »o sigjslficant chesaical differene® it would suggest 
that the differenee in bon® ash and breaking strength between season 
might be attributed to some phy^ ieal or structural changes occurring in 
the bone mineral, per se* 
A satisfactory explanation, cannot be offered for the differeiKses 
occurrii^  in fat and water content of the femurs* 
Multiple i^ egression maal^ ysis* the highly significant multiple correlation 
coefficients (E) iiKtieate a high degree of association between the 
depmdent variables (response criteria) and the independent (dietary 
calciua and phosphorus lOTels) v-ariables. The R values iMicate the 
amount of the total variability in the response of the dependent vari­
able which can be attributed to the independent variable. These values 
ranged from 66.9 to 75.7 for average daily gains, 75«9 to 92.7 for 
breaking strength of femurs and 75.0 to 88.5 for fe»ur ash content* 
This would suggest that both breaking strength and ash content of feours 
provided a more critical estimate than average daily gain of the adequacy 
of the dietary calciua and phosphorus levels. 
The standard partial regression coefficients (b*) are arbitrary 
units indicating how laach of th® treati^ nt induced variation is due to 
each term in the aultiple regression equation, fhe values of t for 
testa of significance of these coefficients indicate that phosphorus is 
lauoh the more critical eleaent. This is in accordance with the ob­
servations of loberts (1953) and of Hansard and Pluialee (1954). The 
latter workers utilized radioisotopes to dessonstrate that dietary phoa-
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phorus intake apparently influonced calciuia jaetabolisa lass than dietary 
calcium influenoed phosphorus wtabolism in growing rats, 
fhe average eorn-soybaan oil jaeal ration fed to swine contains 
s^ proxiaately 0.32 and 0.18 per cent of phosphorus and caleitja respective­
ly. This might Biislead one to believe that pho^ horus wmld not be m 
critical an element in swine ration as ealciua. However, it should b® 
remsiubered that the results of experiassnt 593 indicate that phosphorus 
of plant origin did not adequately supply the needs of swine for this 
eleiaent. The majority of the dietary caloiua for swine is supplied from 
inorganic loeans, and sine©, of th@ two elements, phoaphoms exerted th© 
most influence on the response of the evaluating criteria it is very 
in^ ortant to furnish an adequate aaount of this element from other 
than plant sources. 
Predicted Values for Average Daily Gain, Breaking 
Strengto of Femurs and Ash Content of Feiuurs 
The predicted values for the dependent variables wex-e aow^ xxted 
using the multiple regression equation resulting from the analysis of 
the observed data. These values indisat® the expected response of th® 
dependent variables to any given cosiibittation of independent variables, vith­
in th© limits of the experiaental plan. They provide an estimate of 
the average daily gain, breaking strei^ th of femurs and/or ash content 
of femurs which will be obtained when any of the dietary levels of cal­
cium and phosphorus are fed which were included in th© essperiiaent 
reported herein. They also provide a iwans of estinatlng th© dietary 
level of these two elements "which are necessary to insure the mspciffluia 
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rat® of gain aM skeletal response by tke growing-finishlBg pig. Three 
diaenaioiml response surfaoes for these three ©v®l«.atii^  criteria for 
the 100 and 200 poind veight groins are shown in Figures 17 -terough 22. 
As shown in Figures 17 and 18, the eslciua-phosphorus ratio exerts 
considerable effect upon rat® of gain at both weight periods when the 
level of dietary phosphorus is less than 0.^  per cent. The rate of 
gain decreases as the calcium content inereaaes -when the diet contains 
0.2 and 0.3 per cent of phosphorus. 
F%ure 17 shows the rate of gain of the 100 pound pig to be constant 
across all levels of caloiua when ihe diet contained 0.4. per cent phog-
phoms, with calcium exerting SOB» stiMilation of gain when 0.5 and 
0,6 per cent of phosphorus was pro^ -ided in th® ration. 
Itcreasir^  the phosphorus content to include 0.6 per cent of this 
eleiaent resulted in increased gains for the 100 pound pig across all 
levels of calciuffi tested. The highest rat® of gain was obtained when 
the diet contained 0.8 and 0.6 per cent of calcium and phosphorus, 
respectively. 
Essentially, the sa»e variation in rate of gain occurred in the 
200 pound pig when calciua levels were increased in diets containing 0.2 
aM 0.3 per cent of phosphorus. late of gain was soTOwhat aore erratic 
when the 200 pound pigs received rations containing 0.4. p®r cent or more 
of dietary phosphoras. As seen in Figure 18, there were some unex-
plainable variations in the rate of gain when these hi^ er levels were 
supplied. Htwever, it can be seen that rate of gain Increased across all 
levels of caloiua as the level of dietary phosphorus increased from 0.2 
Figure 17. Predicted averspi daily gain fro® w©&nlng to 100 pounds 
of body weight 
Figur® 18. Predicted average dally gain from weaning to 200 pounds of 
body waigtit 
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Figure 19. Predicted breaking strength of femra from 100 pound pig 
Figur® 20. Pr®diet©d breaking strengtti of femirs from 200 pound pig 
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through 0.5 per cent. It would appear that the caloiuis-phosphoras 
requireaent ?or optiffisim gain ia ttiis age pig is approxiwitely 0.7 and 
0.5 per cent, respectively. 
The response surfaces for breaking strength are shown in Figures 
19 and 20. Figure 19 shows that breaking strength values for the 100 
pound pig were uniforaly lew across all levels of calciua when 0.2 per 
cent of phosphorus was supplied. This criterion was increased across 
all levels of oalcium as th© level of dietary phosphorus was increased 
through 0,6 per cent, with the aaxiBaim breaking strength occurring when 0,8 
per cent calciimi and 0,6 per cent phosphorus were supplied in th® diet. 
Figure 20 dhows that ©sseatially th® same effect was found to occur 
for th® 200 pound pig, except that the breaking strength of the femurs 
imreassd as either ealcittm or phosphowts was increased in the diet. The 
highest breakii^  strength for th® 200 pound pig occurred when the ration 
contained 0,6 per cent phosphorus and 0,8 per cent calcium. 
As ^ own in Figure 21, the response surface is somewhat more irreg­
ular for the per cent of femur ash from the 100 pound pig. However, 
femr aah content increased across levels of dietary caloiua from 0.2 
through 0,7 per cent as the phosphorus level of the diet increased from 
0,2 through 0,6 per cent. When 0,2 per cent of phosphorus was furnished 
in the diet, the ash content also increased directly with the dietary 
calcium level. The highest ash content of fmurs from the ICX) pound 
pigs occurred when calcium and phosphorus were both supplied at a level 
of 0,6 per cent of the diet. 
The ash content of fenturs froisi 200 pound pigs, as shown in Figure 22, 
Figure 21. Predicted ash content of feiaars fro® 100 pound pig 
Figure 22. Predicted ash content of feaura from 200 pouoi pig 
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increased as phosphorus was increased across all levels of oaloium. 
Inorsasing th® calcium level in the diet from 0.2 through 0.6 per cent 
also gav® increases in femur ash conteKt with the aaximua value observed 
when 0.6 per cent of both of th© ©lenents were supplied. 
The data in Tables 43 throt;^ h 4.5 indicated that the predicted 
values for the 150 pound pig were similar to those for the 100 pound pig. 
While adequate performanoe ©an b© obtained on low®* levels, it would 
appear from these data that in order to insure consistent optinEim rate of 
gain axA skeletal perforaanee, the 100 pouM pig has a dietary requirement 
of 0,8 and 0,6 per cerrt; of calcium and phosphorus, respectively. Satis-
factoiy response was obtained from the 200 pound pig when these levels 
were lowered to 0.7 per cent of calsiua and 0.5 per cent of phosphorus. 
Th© performance of the pigs waa, as adjudged by these measures of 
re^ onse, progressively less consistent aa the levels of these two 
eleii^ nts were decreased in the diet. 
It also appears from the data of ©ssperiMnt 593 that at least 
thirty per cent of the dietary phosphorus should be obtained from non-
plant sources. 
These recoimnended dietary levels of salcium and phosphorus are in 
excess of those currently recommnded by th® lational Research Council 
(1953). They are also hi^ er than levels reported in previous investi­
gations in this area, as reviewed by Hoberts (1953). 
The National Research Council currently recomiiiends that 0.65 and 
0,4.5 per cent of calcitm and phosphorus, respectively, be supplied in 
diets which are fed to 100 pound growing swine. They report that these 
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levels can be lovrered to 0.55 ffild 0.33 per cent of the ration for the 
2CX) pound pig. These recofWiendations are based upon an evaluation of 
previous investigations in this field. lone of these forffler studies, 
TAen considered individually, eiiployed as coj^ rehensive a range of 
evaluating criteria as th© investigations reported herein. 
It woxjtld appear that an imreased dietary level of these two 
elements is necessary to assure c^ jtlmuBi rate of gain aM skeletal de-
velqjBient by swine fed well-fortified rations designed to give improved 
rates of gain and efficiency as coB|)ared with those of the previous two 
or three decades. 
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BWmi ABD CONCIUSIOIS 
Experlaont 593 
fwo replicate® of IS pens of A pigs each (total 144. pigs) were f@d 
in Goncret® lot to deterisin® (1) the relative value of colloidal 
clay with soft phosphate, diealcim phosphat© and steamed bones®al as 
phosphorus supplements for growing-finishii^  swinej (2) the effect of 
inclxiding these tUra® suppleaents at two different levels in the rationsj 
(3) the effect of chlortetracyelin® upon the utilization of organic and 
inorganic phosphorus bj the pigf (4) the ability of the pig to utilize 
phosphorus of plant origin {phytin phosphorus) and (5) to determine the 
coH|)arative mtritional value of organic and inorganic phosphorus for 
the growing and finishing pig* 
Evaluating criteria were rate of gain, feed efficiency and blood 
serum phosphorus wh^ n the pig reached a body weight of 100 pounds. These 
criteria, plus breaking strength, weight and ash content of bone, as well 
as phosphorus, calcium, fluorine, potassiu», sodium and laagnesiua content 
of toie femr ash, were used when the pigs reached the teiradnating weight 
of 200 pounds. 
A coaparison of feeding colloidal clay with either steamed bonemeal 
OP dicalcium phosphate resulted in a significant decrease in rate of gain, 
feed efficiency and breaking strength of fejaira, aocos^ anied by a 
significant increase in feimr ash content and an increase in fluorine con­
tent of the femir aA, from pigs receiving the colloidal clay. There was 
no significant difference in the phosphorus content of bom ash or blood 
senm due to the type of phosphorus suppleBent. 
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Growing-finishing swine did not utilize plant phosphorus aa 
efficiently as Inorganic phosphorus,:as avidenced bj a significantly 
poorer feed efficiency when th@ phosphoma level from th© three sapplen^ nts 
was decreased from 0.30 to 0.18 per cent of the ration. There was also 
a significant linear increas® in average daily gains and feed efficiency 
when phosphorus froia plant som*e©s decreased from 0.50 to 0.35 to 0.20 
per cent of the total rations. Inorganic phosphorus was added to maintain 
0.5 per cent phosphorus in the ration. 
There were inconclusi'S'e indications that chlortetracycline may 
effect phosphorus metaboliai in the bone of the growing-finishing pig, 
Calciua and Phosphorus Requirements 
The aalciuitt and phosphorus requirements of growing-finishing swine 
were further investigated eaploylng a partial seven by seven factorial 
design, with dietaxy levels of calcium and phosphorus ranging froa 0.2 
throu^  0.8 and 0.2 through 0.7 per cent, respectively, 
plaffie spectrophotoHotric analysis revealed no significant difference 
in calcium, potassium, sodium or aagnesiusi content of femur ash. There 
were no significant changes of the phosphorus content of the femur ash. 
As the dietary phosphorus levels increased there was a significant in­
crease in fenBir weight and a significant decrease in femr fat content. 
A multiple regression analysis involvirig averages from four pigs 
per treataent within weight groups revealed 66,9 - 75.?, 75.9 - 92,7 
and 75.0 - 88.5 per cent of the variability in average daily gain, 
breaking strength of femurs and f®Bur ash content was attributable to 
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the variation of caloium and phosphorus in the ration. Of the two 
eleaents, phosphorus had lauch the greater influence on the response 
criteria* 
The dietaiy calcium and phosphorus needed to insure optinaun rate 
of geiin and skeletal response appears to be 0.8 and 0.6, respectively, 
for the 100 pound pig, and 0,7 and 0.5 per cent for the 200 pound 
growing-finishir^  pig. Response to these dietary levels can be effected 
by the origin of the phosphorus in the diet. This is indicated by the 
results of the investigation concerned with availability of phosphorus 
frm different sources. It appears that at least 30 per cent of these 
recomaended levels should be derived from a non-plant source. 
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APPEMDIX 
fable 28. Experissent 593. SxxmBxj of i^ an squares from the analysis of variance of growtii aM 
feed data® 
Source of variatioR 
Degrees 
of 
freedom 
First 8 week period 
Daily Daily Feed/ Daily 
faia feed gain gain 
25 to 200 lb 
Daily Feed/ 
feed gain 
0.240 133'^  
0.629 491*^  
0.115 1282^  
0.163 313# 
0.122 6050^  
0.204 228 
0.178 40 
0.035^  46 
0.262® 1039? 
0.28CP 802° 
0.101 901^  
0.459 702 
1.955 mT 
0.027 495 
0.076 8 
0.081 484 
0.025 26 
0.001 185 
0.054 172 
Replication 1 
0.021^  All treatnents 17 
Plant P. vs. suppl. P. 1 0.05^  
Among plant P. 5 O.O32J 
Levels inoir^ . P. 2 0.068° 
Mnesr co^ omnt 1 0.120^  
Qttswiratic c<^ oneat 1 0.015 
Antibiotic 1 0.008 
Levels P, x Ab. - 2 o.om 
freataent mmg P. st^ pl. 11 0.013 
Aaosg P. atippl. 2 0.055^  
'B.l, vs. Bical. *• C.G. 1 0.038^  
Meal* vs. C.C, 1 0.072^  
I,evels Inmg. P, 1 0.000 
Antibiotic 1 0*007 
Suppl. X levels P. 2 0.010 
Suppl. X Ab. 2 0.001 
Levels P. X lb. 1 0.001 
S^ pl. X level P. X Ab. 2 0.002 
Bxpt. error (a) 17 0.007 
0.142 613 
0.170 292 
1.331 672 
0.46# 796 
0.332^  666 
0.605° 925 
0.267 456 
0.064 656 
O.O84. 616 
0.117 458 
0.018 683 
0.216 233 
0.498° 2667 
0.040 1 
0.035 464 
0.016 130 
0.011 155 
0.016 926 
0.101 486 
0.020^  
0.007 
0.01# 
0.034° 
0.065° 
0.003 
0.009 
0.003 
0.021® 
0.091° 
0.065° 
0.118° 
0.000. 
0.026° 
0.012 
0.000 
o.ooo 
0.004 
0.005 
A^nalyses of variance perforaed using the pen of 4 pigs aa the experimntal tmit 
T^reatment effects significant at P ® .05 or less 
Table 29. l:^ erl$sent 593, Surasarj of man squares fro® the analysis of -rariance of femr ash data® 
SottTCe of variation 
Degrees 
of 
freedaa 
Analysis of feaar aah 
Ca 
Ch». 
% Ma K 
Speetro. 
Eeplioation 
All treatmnts 
Plant P. vs. suppl. P, 
Asong plant P. 
Levels ino^ i P. 
Linear ec^ omnt 
a^dratic «o%)©nent 
Antibiotie 
Levels f. x ib. 
Treati»Gt Pi supply 
Attong P« s^ pl. 
B.M, V8* Meal, + G.C# 
Bieal.-vs*-C^ C. 
L6f?els iaorf* P* 
Aatibiotic 
St^ pl. X levels P« 
Sttfpl* X Ab. 
Lerels P. x Ab. 
Sappl, X level P. x Ab, 
Expti error {#) 
Sex 
Sex X all treatmnts 
Expt* errja- (b) 
All causes 
1 
17 
1 
1 
1 
1 
2 
11 
2 
1 
1 
1 
1 
2 
2 
1 
2 
17 
1 
17 
17 
TO*' 
,182 
.312 
.169 
.095 
.122 
*510 
,177 
,169 
.Q3B 
,300 
.130 
,827 
•120 
.102 
,092 
.05S 
,296 
.845 
.052 
.270 
32.37 
0.01 
11,47 
7.30 
5.04 
9.56 
22,a 
lo.is 
44. SI 
185.63^  
155*1# 
216.09° 
g.94 
3.19 
11.56 
7*11 
38*14 
17.02 
15.54 
29.61 
8.99 
10.92 
24,16 
30.16 
8.85 
17,85 
8.82 
26*88 
1.84 
3*62 
30.57 
132*15^  
174.29? 
90.01® 
IS. 73 
0,38 
13.98 
5.00 
0.12 
7. a 
6.17 
7.89 
3.69 
9.83 
15.03 
2.53 
27.52 
8.50 
5*29 
7*40 
0.35 
0*28 
0.42 
5.90 
18*55 
2.49 
11.51 
0.22 
14*00 
6*33 
54.0^ 574.40^  
3.59 
11.92 
5.0' 
7. 
3.73 
S.17 
0.97 
1*17 
1*09 
1.24 
0.44 
1.04 
4.59 
12.gS. 
11*89? 
13*M» 
4.64 
1.90 
0.40 
1.^  
1.05 
6.54 
2,31 
22.96 
0.76 
21.75 
0.79 
0.01 
0.49 
0.61 
0.81 
0.40 
1*22 
0.02 
0.99 
2,52 
0.08^  
0*83 
0,72 
0,15 
1.96 
0.00 
0.06 
0.67 
®ABalysis of variance perform^  with the experiaental unit consisting of 2 pigs of opposite 
sex, from the saae pen 
r^eat^ nt effect significant at P « .05 level 
®One d^ ree of freedom used for estimated value 
Tabl® 30. Experiment 593. Suaraary of mean squares from the analysis of yarianc© of bone data^  
Degrees Femr Breaki^  * % % 
Source of variation of wt. strength water fat ash 
freedom 
Eeplication 1 . • »  — 
HI treatments 17 781.68 25366 14.56 24.84 2.184 
Plant P. vs. suppl. P. 1 2422.66 11467 19.79 45.12 0.004 
AmoEg plant P. 5 642.36 13578 9.83 35.09 1.6U 
I.0Tels inojqg. P. 2 1434.93 13743 11.17 67.78 2.725 
Mmar coaponsit 1 1779.06 13340 9.79 131.22° 4.516 
Quadratic coi^ oEent 1 1090.^  14145 12,54 4.34 0.935 
Antibiotic 1 0.29 26334 0.10 1,96 0.602 
, Lerels P. X Ab» 2 170,84 7034 13.34 18.98 1.000 
Treatffimt among P. st^ pl. 11 695.83 31988 16.23 18.33 2.643 
Aasi3g P. suppl. 2 58,32 110600° 40.89 27.08 5.296® 
B.M, vs. Dical. * C.G. 1 87.88 134775® 21.13 2.50 0.1^  
Dical. rs. C*C. 1 28.76 86424 60.65® 51.66 10.465® 
Levels inoii. P* 1 2536.90 315 3..88 62.08 2.125 
Antibiotic 1 2967.04 25254 13.13 1.00 0.130 
Sttppl* X lesfels P* 2 153.86 12328 8.64 7.12 3.996 
St^ pl* X Ab. 2 35.97 9«2 26.48 28.18 0.008 
Levels F* x lb. 1 1230.52 1271 4.73 0.11 0.152 
Sappl, P* X Isrel P. x Ab. 2 211.70 30498 2.40 6.85 4.032 
Ixpt* error (a) 17 689.82 19522 9.05 17.88 1.113 
Sex 1 3.80 58140 454.05^  10.73 7.157 
Sex X all tTCalaaents 17 459.40 7635 5.90 13.05 2.302 
Ixpt* error (b) 17 402.74 18519 17.30 18.37 3.294 
All causes 70® .. — — 
A^nalysis of variance perforated with the gxperimeistal unit, cc^ rised of 2 pigs of qpposit© 
from the same pen 
L^inear effect of level of inorganic P. significaxA at P » .05 or less 
®Tr@ati»nt effect signifieant at P = .05 or less 
S^ex effect significant at P * .05 or less 
®Oni@ degree of frewiom used for estimted valtae 
Table 31» Stwary of aean squares from the analysis of yarianee of arerage daily gain, breaking 
strength of fewrs and ash content of feaiirs^  
Source of Degrees Average Breaking strength Ash content 
variation of daily stain of femurs of feffiura 
freedom 100 150 200 100 150 200 100 150 200 
Seasons 1 ,175^  .006 .053 7,006 153,586® 214,276° 211.4° 39.6° 141,6° 
Reps, within season 2 .753^  .001 11,021 10,826 81,649 69.1'^  30,1^  8.8 
Rations 24 .081 .066 .074 104,289° 101,241® 110,238® 34,6® 36.0° 15.2° 
Egflsaiader ' 72 .032 .041 .036 18,237 23,556 33,373 10,5 4.3 5.2 
Rat, X seas. 24 .029 ,056 .032 23,180 14,319 31,268 9.8 4,1 4,8 
Eat. X seas./rep. 48 .033 .034 .037 15,765 28,174 34,426 10.8 4.3 5,3 
Total 99 mf-rnm •MM* 
P^roffi analysis of variance for pooled data of experiaeiits 557? 557-1, 605 and 605-A 
"Significant at P ® .05 leirel 
S^ignificant at P =» .01 level 
Ill 
Table 32. Sumaary of aean squares fro® the analysis of fariame of 
water awl fat content of femurs, of phosphorus content of 
feiaur ash and feiaur weight® 
Source of 
variation 
Degrees of 
freedom 
Mater 
content 
of 
femurs 
Pat 
content 
h feaurs" 
F content 
of femur 
ash 
Femtir 
weight 
Replication 
Weights 
Rep. X wt. (error a) 
3 
2 
6 
62.29® 
5373.4# 
12.98 
454.85^  
902.94° 
26.29 
5.09 
1,90 
2.20 
1205.34^  
186227.83^  
418.39 
Rations 
Rat. X rep. (error b) 
24 
72 
47.44^  
7.86 
101.03^  
19.08 
0.25 
0.23 
945.70'i 
241.49 
Bat. X wt. 48 
Rat. X wt. X rep, (error c) HO 
7.06 
8.16 
7.68 
8.61 
0.16 
0.24 
200.00 
221.41 
Total 295 
— 
— — 
®From analysis of variance of pooled data of experiments 557-1, 
557-2. 605 and 605-A 
%ater-free basis 
"Significant at P =» .05 level 
"^ Significant at P ® .01 level 
122 
Table 33. Experiaenta 605 aM 605-1. Sumaary of man squares from the 
aMlysis of variance of sodium, aagneslua, calcium and 
potassium content of feawr ash 
Source of 
variation 
Degrees of 
freedom 
Flaae soectroDhotoiaetric analysis®-
Sodiiia Magntsiuai Calcium Potassium 
Replication 1 115.91 213.13 1.33 0.91 
Weight 2 25.91 11.66 53.15 44.99^  
Rep, X wt. (error a) 2 143.90 78.36 153.48 3.50 
Rations 2/, 2.73 0.76 2.30 1.01 
Bat, X rep. (error b) 24 3.29 1.19 6.24 1.40 
Rat. X wt. 48 2.64 0.86 2.21 0.51 
Rat. X wt, X rep.(error c) 45 1.76 1.28 3.27 0.89 
Total 146 
— 
— 
P^emur ash 
S^ignificant at P » .05 level 
113 
Table 34. Smamry of average daily gain® 
(lbs.) 
P in Mt. at  ^  ^ \ 
ration kill Ca in ratxon (^ >) 
(^ ) (lbs.) 0.2 0.3 O.A 0.5 0.6 0.7 0.8 
0.2 100 
150 
200 
1.39 
1.46 
1.42 
1.14 
1.32 
1.38 
1.14 
1.27 
1.44 
1.13 
1.44 
1.23 
1.18 
1.34 
1.27 
0.3 100 
150 
200 
1.36 
1.60 
1.76 
1.36 
1.54 
1.68 
1.35 
1.44 
1.66 
1.18 
1.51 
1.50 
1. 4I 
1.54 
1.56 
0.4 100 
150 
200 
1.41 
1.36 
1.67 
1.38 
1.48 
1.65 
1.43 
1.57 
1.56 
1.48 
1.63 
1»o4 
1.54 
1.64 
1.60 
1.57 
1.57 
1.64 
1.38 
1.62 
1.67 
0.5 100 
150 
200 
1.48 
1.70 
1.50 
1.46 
1.72 
1.52 
1.47 
1.70 
1.65 
1.52 
1,67 
1.67 
0.6 100 
150 
200 
1.59 
1.49 
1.56 
1.58 
1.57 
1.58 
1.50 
1.64 
1.68 
0.7 100 
150 
200 
1.50 
1.70 
1.72 
®Average of experiments 557-1, 557-2, 605 and 605-i 
lU 
Table 35. Summary of feiBur weights at time of soft tissue removal® 
(grass) 
p in 
ration 
Wt. at 
kill Oa in ration ($) 
{%)  (lbs.) 0.2 0,3 0.4 0.5 0.6 0.7 0.8 
0.2 100 
150 
200 
122.3 
1^ .0 
18S.8 
120.0 
170.4 
204.2 
123.2 
159.5 
201.2 
122.2 
164.5 
208.2 
117.0 
177.2 
204.7 
0.3 100 
150 
200 
119.4 
157.1 
199.5 
122.2 
177.4 
222.1 
126.1 
181,5 
204.5 
125.2 
171.2 
211.0 
132.5 
161.5 
222.0 
0.4 100 
150 
200 
12S.6 
167.2 
196.0 
127.0 
1^ .6 
212.2 
133.9 
196.8 
231.4 
123.0 
163.4 
223.6 
128.4 
181.3 
215.4 
125.2 
178.6 
204.5 
129.1 
183.5 
215.8 
0.5 100 
150 
200 
130.4 
187.4 
205.6 
135.4 
191.9 
231.5 
141.0 
180.1 
236.2 
ia.5 
186.7 
229.9 
0.6 100 
150 
200 
139.6 
181,6 
235.2 
139.6 
182.3 
221.0 
139.6 
183.8 
220.2 
0.7 100 
150 
200 
124.4 
188.0 
225.2 
%verag® of ©xperiMnts SS^ -l, 557-2, 605 and 605-A 
1.15 
fable 36. Suramry of breaking strengto of femurs® 
(lbs. per sq. in.) 
P in Mt. at 
ration • kill Qa tn ration (%) 
i%) (lbs.) 0.2 0.3 0.4 0.5 0.6 0.7 0.B 
0.2 100 
150 
200 
400 
434 
926 
236 
730 
#56 
286 
584 
966 
320 
787 
1193 
319 
821 
1088 
0.3 100 
150 
200 
502 
755 
900 
415 
849 
1042 
413 
801 
924 
476 
863 
1150 
504 
gl9 
1179 
0,4 100 
150 
200 
474 
746 
986 
539 
882 
1005 
552 
936 
1253 
596 
784 
1271 
612 
893 
1208 
654 
894 
1079 
641 
1059 
1219 
0.5 100 
150 
200 
642 
1045 
1137 
728 
1013 
1295 
688 
1062 
1386 
801 
1073 
1348 
0.6 100 
150 
200 
772 
988 
1332 
756 
979 
1292 
718 
1094 
1449 
0.7 100 
150 
200 
646 
1022 
1219 
®Averag0 of ®3q>@riia®nts 557-l» 557-2., 605 aM 605-A 
Il6 
fable 37. Smiamry of water content of ground feaurs®-
(per cent) 
P in Wt. at 
ration kill , Ca in ration 
m (lbs.) 0.2 0,3 0^ 4 0.5 0.6 0.7 0.8 
0.2 100 
150 
200 
51.2 
44»4 
34.1 
51.2 
39.4 
35,3 
51.4 
41.2 
37.0 
50.3 
40.2 
31.2 
49.8 
39.4 
31.0 
0.3 100 
150 
200 
51.6 
41.4 
36.0 
49.3 
39.2 
35»6 
49.7 
40.2 
33.1 
46.8 
39.6 
32.6 
47.3 
38.9 
31.6 
0.4 100 
150 
m 
49.6 
42.0 
34.2 
46,7 
39.2 
33.7 
46.9 
38.2 
30.8 
46.6 
38.8 
32.2 
46.1 
39.3 
31.7 
44.4 
37.2 
32.8 
43.8 
38.7 
34.2 
0.5 100 
150 
200 
46.0 
39.0 
31.0 
45.0 
38.1 
31.6 
46.9 
37.4 
32.1 
43.2 
35.3 
31.8 
0.6 100 
150 
200 
43.8 
35.8 
29.9 
45.3 
35.5 
29.9 
44.5 
37.4 
32.2 
0.7 100 
150 
200 
44.5 
35.8 
31.6 
%verago of exp'@ri»®nts 557-1, 557-2, 605 and to5-A 
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Table 38. Summary of fat content of water-free fenmrs®-
(per cent) 
f in 
ration 
tft. at 
Ca ia ration (%) 
i%) (lbs.) 0.2 0.3 0.4 0.5 0.6 0.7 0.8 
0.2 100 
150 
200 
25.9 
33.2 
33.2 
27.8 
33.0 
32.1 
28.8 
33.5 
29.8 
28.7 
30.9 
33.1 
30.0 
32.4 
34.6 
0.3 100 
150 
200 
23.3 
30.2 
35.2 
24.4 
29.4 
32,2 
25.2 
30.3 
33.1 
27.4 
29.8 
32.3 
27.0 
29.4 
29.9 
0.4 100 
150 
200 
26.1 
30.8 
32.4 
27.0 
31.4 
32.1 
23.7 
28.9 
28.3 
22.4 
27.4 
27.9 
22.6 
26.5 
26,8 
22.8 
25.1 
27.8 
23.7 
23.6 
28.6 
0.5 100 
150 
200 
22.4 
24.0 
29.5 
21,1 
25.0 
27.4 
19.9 
24.2 
27.2 
20.0 
23.5 
24.3 
0.6 100 
150 
200 
21.1 
26.0 
28.3 
20.1 
25.5 
27.7 
21.2 
22.8 
25.7 
0.7 100 
150 
200 
20.2 
25.8 
27.8 
®Averag© of eajjerimemts 557-1, 557-2, 605 and 605-A 
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fable 39» SuaiiiS.iT' of ash content of water-free, fat-free femurs® 
(per cent) 
P in 
ration 
i%) 
Wt. at 
kill 
(lbs.) 
Ga in ration {%) 
0.2 0.3 0.4 0.5 0.6 0.7 0.8 
0.2 100 -46,1 46.2 43.0 45.9 49.6 
150 4.5.6 50.7 49.8 52.4 52.8 
200 53.2 53.2 54.4 56,6 56.7 
0.3 100 4.7.7 45.6 46.0 46,8 47.7 
150 51.9 53.1 51.1 51.6 52.7 
200 54.4 55.0 55.6 55.4 57.0 
0.4 100 49.4 49.2 50.5 50.4 51.2 49.4 52.2 
150 51.8 54.0 53.8 54.6 54.7 56.5 57.2 
200 55.7 57.2 58.8 58.3 5S.4 57.4 57.5 
0,5 100 51.3 52.7 51.9 53.3 
150 55.4 56.5 56.5 58.8 
200 58.6 60.0 58.7 57.0 
0.6 100 53.3 52.8 52.1 
150 56.8 57.8 56.6 
200 59.3 59.8 57.9 
0.7 100 52.2 
150 56.1 
200 58.7 
®Average of experiments 55?-l, 557-2, 6o5 and 605-A 
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Table 40. Summary of phosphorus content of femur ash® 
(per cent) 
P in 
ration 
Wt. at 
kill Oa in ration {%) 
i%) (lbs.) 0.2 0.3 0.4 0.5 0.6 0.7 0.8 
0,2 100 
150 
200 
17.4 
18.1 
18.1 
17.8 
18.1 
17.9 
17.8 
18.0 
17.9 
17.5 
18.0 
18.0 
18.4 
18.2 
17.8 
0.3 100 
150 
200 
17.6 
18,6 
18,0 
17.7 
18.2 
1S.2 
17.8 
18.4 
17.9 
17.6 
17.9 
18.0 
17.9 
17.9 
17.7 
0,4 100 
150 
200 
17.9 
18.4 
18.1 
18.2 
18.6 
18.3 
18.1 
18.4 
17.8 
is.o 
17.9 
18.0 
17.8 
17.6 
18.0 
17.7 
18.1 
18.1 
17.8 
18.1 
18.1 
0,5 100 
150 
200 
18.2 
17.8 
18.0 
17.8 
18.0 
18.0 
17.6 
18.0 
17.9 
18.0 
18.1 
18.1 
0.6 100 
150 
200 
17.9 
18.1 
17.9 
18.1 
18.5 
18.0 
18.2 
18.3 
18.2 
0.7 100 
150 
200 
18.0 
18.5 
17.8 
%rerag0 of ©xp®ri»ents 557-l» 557-2, 605 and 605-A 
Table 41. Suwaaiy of feed required per pound of gain® 
(lbs.) 
P in 
ration 
i%) 
Ca in ration (%) 
0.2 0.3 0.4- 0.5 0.6 0.7 0.8 
0.2 2.90 3.14 2.98 2.97 3.04 
0.3 2.78 2,86 2.98 3.05 3.08 
0.^  2.86 3.01 2.90 3.06 2.97 2.98 3.05 
0.5 3.06 2.98 3.02 3.04 
0.6 3.04 3.04 3.06 
0.7 3.08 
A^verage of e^ tperifflsnts 557-1, 557-2 , 605 and 605-A 
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fsJale 4.2. Sufflfflary of multiple correlation ooefficlenta®' 
(R) 
Weight 
at kill 
Average 
daily gain 
Breaking 
strength of 
femurs 
Ash content of 
fat-free, water-
free femurs 
100 
150 
200 
0.870® 
0.818^  
0.827^  
0.963^  
0.903^  
0.871^  
0.866^ 
0.941^  
Q.940^  
®Fr om multiple regression analysis of pooled data of experiiaents 
557-1, 557-2, 605 and 605-A 
t>Significant at P » .01 leifel 
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Table 43. Sumaary of partial regression coefficients® 
(b) 
Weight 
at kill 
(lbs.) 
I 
intercept Ca P Ga^  p2 CaP 
Average daily gain 
100 +0.923 -0.471 +2.355 -0.015 
-2.735 +1.252 
150 +1.091 -0.076 +1.922 -0.790 -^3.558 +2.709 
200 +1.386 -1.671 +2.598 +1.053 
-3.246 +1.243 
Breakine strength of fenairs 
100 -95.784 -277.742 +2658.791 +32.232 -3044.443 +1207.448 
150 + 72.094 +749.258 +2157.508 +92.073 -1047.486 -1259.393 
200 +491.461 +999.589 +1162.370 -862.819 -1521.781 +958.737 
Ash content of femrs 
100 +37.936 +4.723 +33.768 +32.434 +36.843 -91.244 
150 +39.115 +11.058 +41.298 +6.463 -20.145 -25.307 
200 +43.346 +26.896 +26.533 -14.684 -3.533 -25.680 
®From maltiple regression analysis of pooled data of experiments 
557-1, 557-2, 605 and 605-A. 
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Table 44. Suofflary of standai^  partial regresaioB coefficients® 
(b') 
Wt. at 
kill 
(lbs.) C P Ca^  p2 Cap 
Average daily iraln 
100 -0.638 •2.333 -0.021 -2.330 +1.224 
150 -0.114 +2.153 -1.198 -3.355 +2.931 
200 -2.375 +2.758 +1.512 -2.900 +1.275 
Breakine strsMrth of feimrs 
100 -0.332 +2,373 +0.039 -2.287 +1.041 
150 0.909 +1,954 +0.113 -0.799 -1.102 
200 +1.162 +1.009 -1.014 -1.112 +0.804 
Ash content of femurs 
100 +0.310 +1.655 +2,152 +1.520 -4.321 
150 +0.711 +1.984 +0.420 -0.815 -1.175 
200 +2,662 +1.962 -1.469 -0.220 -1.834 
®-From multiple regression analysis of pooled data of experiinents 
557-1, 557-2, 605 and 605-A 
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fable 45. t for staMard partial regression coefficients® 
Wt, at 
kill 
{lbs.) C P Ca^  p2 CaP 
iveraK® daily gain 
100 0.97 3.73^  0.02 2.44° 0.91 
150 0.15^  2.90^  1.17 3.02° 1.88 
200 3.17° 3.79 1.51 2.67° 0.83 
Breaking: atreneth of feaurs 
100 0.93 6.83^  0.08 4.41^  1.43 
150 1.59 3.52^  0.15 0.96 0.94 
200 1.77 1.59 1.16 1.17 0.60 
Ash content of feaurs 
100 0.47 2.56° 2.42® 1.57 3.18b 
150 1.58 4.54^  0.70 1.25 1.28 
200 5.86^  4.44° 2.42° 0.33 1.98 
F^rora multiple regression analysis of pooled data of experiments 
557-1. 557-2, 605 and 605-A 
"Significant at P ^  .01 level 
®Significant at P « .05 level 
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fable 4.6. Predict®! breaking strength of femrs from swim fed different 
levels of calcium and phosphorus 
(lbs. per sq. in.) 
P in Wt. at 
ration kill C& In rutioa (%) 
(%) (lbs.) 0.2 0.3 0.4 0.5 0.6 0.7 0.8 
0.2 100 
150 
308 
565 
867 
306 
619 
943 
305 
676 
1002 
304 
733 
1043 
304 
793 
1067 
0.3 100 
150 
200 
446 
703 
926 
A56 
745 
1012 
467 
788 
1080 
478 
834 
1131 
490 
881 
1165 
0.4 100 
150 
200 
523 
0^ 
955 
545 
849 
1050 
568 
880 
1128 
591 
913 
1189 
616 
948 
1232 
640 
984 
1258 
666 
1023 
1267 
0.5 100 
150 
200 
644 
972 
1216 
680 
994 
1269 
716 
1018 
1305 
754 
1044 
1323 
0.6 100 
150 
683 
1019 
1276 
732 
1030 
1321 
782 
1043 
1349 
0.7 100 
150 
200 
687 
1022 
1306 
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Table 47. Predicted, average daily gain for swine fed different levels 
of calcium and phosphorus 
(lbs.) 
P in Wt. at . , .V 
ration kill Ca in ratioia {%) 
i%) (lbs.) 0.2 0.3 0.4 0.5 0.6 0.7 0.8 
0.2 100 
150 
200 
1.24 
1.39 
1.53 
1.22 
1.40 
1.44 
1,19 
1.39 
1.38 
1.17 
1.37 
1.33 
1.15 
1.33 
1.30 
0,3 100 
150 
200 
1.36 
1.46 
1.66 
1.35 
1.50 
1.58 
1.34 
1.52 
1.52 
1.33 
1.52 
1.49 
1.32 
1.50 
1.47 
0.4 100 
150 
200 
1.43 
1.46 
1.71 
1.43 
1.52 
1,65 
1.44 
1.57 
1.60 
1.44 
1.60 
1.58 
1.44 
1.61 
1.58 
1.44 
1.61 
1.60 
1.44 
1.59 
1.64 
0.5 100 
150 
200 
1.49 
1.60 
1.61 
1.50 
1.65 
1.62 
1.52 
1.67 
1.66 
1.53 
1.68 
1.71 
0.6 100 
150 
200 
1.51 
1.61 
1,60 
1.54 
1.66 
1.64 
1.57 
1.70 
1.74 
0.7 100 
150 
200 
1.51 
1.58 
1.57 
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Table 4.8« Predicted ash content of feimirs from swine fed different 
levels of calcium and phosphorus 
(per cent) 
P in Wt. at 
ration kill Ca In ration (%) 
{i) (lbs.) 0.2 0.3 0.4 0.5 0.6 0.7 0.8 
0.2 100 
150 
200 
44.8 
48.0 
52.3 
45.0 
48.9 
53.7 
45.9 
50.0 
54.9 
47.5 
51.2 
55.7 
49.7 
52.5 
56.3 
0.3 100 
150 
200 
48.1 
50.6 
54. 2  
47.5 
51.3 
55.4 
47.6 
52.1 
56.3 
48.2 
53.0 
56.9 
49.5 
54.1 
57.2 
0.4 100 
150 
200 
52.3 
52.9 
56.1 
50.7 
53.3 
57.1 
49.8 
53.8 
57.7 
49.6 
54.5 
58.0 
49.9 
55.3 
58.1 
51.0 
56.2 
57.8 
52.7 
57.3 
57.3 
0.5 100 
150 
200 
51.7 
55.6 
59.1 
51.2 
56.1 
58.9 
51.3 
56.8 
58.4 
52.1 
57.6 
57.6 
0.6 100 
150 
200 
53.1 
56.5 
59.6 
52.3 
56.9 
58.8 
52.2 
57.5 
57.8 
0.7 100 
150 
200 
51.7 
56.7 
59.2 
